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Meetings Calendar 


EGINNING with this issue of THE JOURNAL, a cal- 
endar of National and Section meetings definitely 


scheduled will appear on the first left-hand page follow- 
ing Chronicle and Comment. 


Constitutional Amendment Adopted 


REPORT of the Tellers of Election shows that the 

proposed amendment to the Constitution providing 
for the composition and election of the annual Nominat- 
ing Committee has been adopted. The amendment was 
set forth in the letter-ballot dated June 3, 1927. Of a 
total of 754 votes cast, 706 favored adoption of the 
amendment, 13 were opposed to it and 35 votes were 
defective. The tellers were S. R. Dresser, F. K. Glynn 
and C. B. Veal. As voted by the letter-ballot, the 
amended paragraph now in effect reads: 


NOMINATING COMMITTEE 


C 46 The annual Nominating Committee of the 
Society shall consist of one Member of the Society to 
be elected from and by each Section of the Society 
prior to the Annual Meeting; and three Members of 
the Society who shall be elected at the business session 
of the Annual Meeting preceding the Annual Meeting 
at which officers are to be elected; no two of said 


three Members shall reside in the same Section Dis- 
trict. 


Changes in Section Officers 


WING to changes in company connection and as- 

signment of Section officers, necessitating their 
moving from one city to another, several changes in 
Section officer-personnel have been made. 

R. E. Plimpton, recently elected Chairman of the Met- 
ropolitan Section, has resigned owing to his moving to 
Chicago. E. W. Lowe, elected as Vice-Chairman, has been 
named by the Governing Committee to fill the vacancy, 
Sidney R. Dresser becoming Vice-Chairman. 

F. G. Shoemaker, vice-chairman of the Dayton Sec- 
tion, has resigned because of his moving to Buffalo. The 
Governing Committee has not yet elected his successor. 

Ludwig Majneri, treasurer of the Buffalo Section, has 
resigned on account of changing his residence to De- 
troit, Gustaf Carvelli succeeding him. 

R. N. DuBois, who was elected Secretary of the Wash- 
ington Section, now lives in Flint, Mich. The Govern- 
ing Committee of the Washington Section appointed as 
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Secretary E. S. Pardoe, who had resigned as Treasurer to 
make this transfer possible. G. E. Reynolds was selected 
to serve as Treasurer. 

Mention should also be made of Norman G. Shidle, 
who was elected Chairman of the Pennsylvania Section. 
A. K. Brumbaugh had been nominated for Chairman, but 
moved to Cleveland before the time of the election. To 
overcome the difficulty in parliamentary procedure in- 
volved, Mr. Brumbaugh organized an additional Nom- 
inating Committee with himself as a member. This 
Committee nominated Norman G. Shidle for Chairman 
and campaigned successfully for his election. 


Charles L. Lawrance 


O few men comes the signal honor of accomplishing 

so superb a feat as that achieved by Charles L. Law- 
rance in designing the engine that carried Lindbergh, 
Chamberlin, Byrd, Maitland, and Smith in their suc- 
cessful transoceanic fiights. Mr. Lawrance, president of 
the Wright Aeronautical Corporation, was largely re- 
sponsible for undertaking, in 1920, the development of 
the air-cooled stationary radial engine that has been 
brought, during the last 7 years, to its present state of 
consummate excellence. 

Mr. Lawrance was elected to membership in the So- 
ciety in 1905 and has been prominent in its aeronautic 
activities. At the 1922 Annual Meeting his paper on 
Air-Cooled Engine Development was one of the most 


interesting and valuable contributions to aeronautic en- 
gineering. 


Economy in Motor-Vehicle Operation 


OMMENTING upon the impression given from time 

to time that motor-vehicle operation is well de- 
veloped economically, Chairman Plimpton, of the Opera- 
tion and Maintenance Committee of the Society, ex- 
pressed the view that every five-passenger automobile 
traveling on the road with one passenger is unduly ex- 
pensive; and that the same is true of every motor-truck 
that stands idle much of the time or does not carry a 
goodly part of the load which it is capable of carrying 
when it is running. Great volume in goods carried does 
not, of course, mean efficiency. In various cases large 
fleets of motor-trucks are operated under inferior man- 
agement, whereas obviously the magnitude of the opera- 
tions involved warrant the application of the abilities of 
high-grade engineers and executives. Many efficient 
fleet-operators believe that, regardless of possible im- 
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provement in vehicles, only a beginning has been made 
in establishing sound and advanced operating methods. 


The 1928 Summer Meeting 


S it is necessary for the hotel arrangements for Sum- 

mer Meetings to be made far in advance, the Meet- 
ings Committee is now considering the location and time 
for the 1928 Summer Meeting. 

Inasmuch as the last two meetings have been held at 
French Lick Springs, Ind., it is argued that it is neces- 
sary, in fairness to the Eastern members, that the 1928 
Summer Meeting be held in the East. Possible loca- 
tions are Spring Lake, N. J., the place of the 1923 and 
1924 Summer Meetings; Quebec; Swampscott, Mass.; 
and Lake Placid, N. Y. Suggestions regarding the de- 
sirability of these or other places would be greatly ap- 
preciated by the Meetings Committee. 

Although many members would appreciate having 
another meeting held at White Sulphur Springs, W. Va., 
where the 1922 and the 1925 meetings were held, the 
hotel facilities there are not adequate for the large num- 
ber of members now attending Summer Meetings of the 
Society. 


Ccming National Meetings 


HE technical program for the Production Meeting, 

Sept. 19 to 22 inclusive, is rapidly taking final form 
and definite announcements covering it will be issued to 
the membership at an early date. The Stag Carnival, 
which has become one of the permanent features of Pro- 
duction Meetings, will be held at the Hotel Winton on 
Tuesday evening, Sept. 21. L. L. Williams is chairman 
of the Carnival Committee and an excellent dinner and 
an interesting show have been planned. 

The Aeronautic Meeting this year, like the Production 
Meeting, will be a “two-city” meeting, sessions being 
planned to be held in connection with the National Air 
Races at Spokane, Wash., as well as in Chicago. The 
sessions in Chicago, which will constitute the principal 
part of the meeting, will be held probably during the 
week of Sept. 12, to afford the members ready oppor- 
tunity to attend the dinner to the transoceanic fliers 
that has been proposed by the National Aeronautical 
Chamber of Commerce. This will also make it convenient 
for the aeronautic engineers who will go to the Spokane 
races to stop over for the meeting. Hon. Edward P. 
Warner is chairman of the subcommittee in charge of 
the Aeronautic Meeting. 

Members of the Society will shortly receive official 
invitations to attend the Ninth Annual Meeting of the 
Army Ordnance Association on Oct. 6 at Aberdeen Prov- 
ing Ground, Maryland. It is hoped that a large number 
of Society members will participate on this occasion, as 
the program will be well worth the attention of every 
member of the Society. 

The Transportation Meeting will be held in Chicago in 
October. F. J. Searr is chairman of the committee in 
charge of this meeting and the exceptional features that 
have been planned will be announced in an early issue 
of the Meetings Bulletin. 

The Tractor Meeting will be held in Chicago on Dec. 
1. O. W. Young is chairman of the committee in charge. 

As reported in the article on the World Motor-Trans- 
port Congress on p. 115 of this issue, several members 


of the Society are seriously considering joining the 
European party that will visit the Congress and the 
Commercial Motor-Transport Exhibition. A formal re- 
quest that the Society be represented at the Congress 
has been received from Horace Wyatt, organizer of the 
1927 World Motor-Transport Congress. Copies of the 
announcement will be sent to members interested in 
making the European trip. 


International Standards 


N the matter of International Standards there are, of 

course, various views as to what the nature of these 
should be and to what extent they are possible and would 
be valuable in the automotive engineering field. Obvi- 
ously, many of the Society’s standards are of marked 
benefit to motor-vehicle users throughout the world. On 
principle, there should be standards making possible in- 
terchangeability of various units of automotive appara- 
tus that are practically in universal use. This is dictated 
by the need for promptness and economy in servicing. 

The Society has interchanged information with the 
Institution of Automobile Engineers of Great Britain 
in matters relating to standardization for many years. 
Considerable work has been done by the Society through 
Sectional Committees, organized under the procedure of 
the American Engineering Standards Committee, look- 
ing toward international agreement in standardization 
of ball bearings. There is still some question, however, 
as to how much can be accomplished in this direction. 
Conferences on the subject are being held currently in 
Europe, and it has been urged that this Country be rep- 
resented at a meeting to be held at Stockholm, Sweden, 
in October. 

At this time there is no existing organization in which 
the Society is participating formally that can declare 
anything to be an International Standard. In a gen- 
eral way at least the Society has accepted the Amer- 
ican Engineering Standards Committee as the channel 
in this Country for international exchange of infor- 
mation on and cooperation in engineering standardiza- 
tion. This is analogous to the acceptance of the Amer- 
ican Engineering Standards Committee as the National 
coordinating body of this Country under whose rules 
work should proceed that relates to more than one major 
industry, one of these industries being the automotive. 

There has been much discussion recently regarding 
the organizing of a National committee or body in this 
Country that would have jurisdiction of all international 
matters affecting this Country in relation to standards 
and technology. Past-President Manly is a member of 
the American Engineering Standards Committee’s Com- 
mittee on Cooperation with Foreign Bodies, of which 
George K. Burgess, director of the Bureau of Standards, 
is chairman. While various organizations, including the 
United States Committee of the International Electro- 
technical Commission, are engaged to some extent in in- 
ternational standardization work, it is felt that generally 
speaking and for certain purposes at least there should 
be a single organization having for this Country the 
inclusive jurisdiction mentioned above. An attempt is 
being made to settle upon a plan for such a body. The 
purpose is to secure the cooperation of all technical 
groups in coordinating properly their international re- 
lations in technical matters. 
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Meetings Calendar 


Production Meeting 
Sept. 19 to 22, 1927 


Cleveland Sessions 
Hotel Winton, Sept. 19 and 20, 1927 


Detroit Sessions 
Hotel Statler, Sept. 21 and 22, 1927 


Aeronautic Meeting 
Chicago Sessions September, 1927 
Spokane Sessions September, 1927 
Visit to Aberdeen Proving Ground 
Oct. 6, 1927 


Transportation Meeting 
October, 1927 
Hotel Sherman, Chicago 


European Trip 
Nov. 8 to Dec. 3, 1927 


World Motor-Transport Congress, London, England 
Nov. 14 to 16, 1927 


Commercial Motor-Transport Exhibition, London, England 
Nov. 17 to 26, 1927 


Tractor Meeting 
Dec. 1, 1927 
Hotel Sherman, Chicago 


Joint Petroleum-Meeting 


December, 1927, Detroit 


A joint symposium of the Petroleum Division and the 
Division of Industrial and Engineering Chemistry of the 
American Chemical Society and the Society of Automotive 
Engineers on Sulphur in Motor Fuels. 








THE 


S.A.E. ACCOUNTING STUDY 


Purpose of the Operation and Maintenance Committee’s 
Accounting Subcommittee 


In the early part of this year a Subcommittee on Ac- 
counting was organized under the Society’s Motor Vehicle 
Fleet Operation and Maintenance Committee to make a 
thorough study of the accounting classifications now used 
by various classes of operators of large motor-vehicle fleets 
and to formulate a standard that would serve at least as 
the foundation for accounting classifications to be used by 
all large operators. One of the objectives of the work is to 
make it possible for operators to compare cost data directly 
and with the knowledge that they represent true condi- 
tions. R. E. Plimpton, chairman of the Operation and 
Maintenance Committee and also of the Subcommittee, has 
prepared the following paper after making a careful study 
of the present situation and analyzing systems used by 
various representative fleet operators. It is hoped that all 
such operators who wish to participate in this work will do 
so through the Society’s office. 


PRESENT VAGUENESS OF FUNDAMENTAL TERMS 


Recent years have seen a tremendous increase in the 
number of motor-vehicles used for business or commercial 
purposes; we have the motorcoach, the taxicab and the 
truck in its manifold applications, yet there has been prac- 
tically no advance in the general methods or practices of 
keeping a record of expenses incurred in their operation. 

The real trouble seems to be that no two of us talk 
the same language. It is dangerous to refer to such terms 
as “acounts” and “cost keeping’, because even these im- 
portant terms have different meanings for different people. 
John Smith, garage superintendent for the Black Coal Co., 
is a big man in his organization. He has complete charge of 
50 trucks, let us say; supervision over the drivers and hire- 
and-fire control of all shop and garage employes. Yet if 
you ask him whether his department keeps “accounts,” 
9 times out of 10 he will say “No.” Try again, but say 
“costs”; in answering “Yes” he will appear surprised that 
you even ask such a question. Then he may explain that 
all the accounts are kept downtown in the main office, and 
that he knows very little about them. 

Take a larger installation, where Edward Johnson has 
much the same responsibilities as Smith, but with the title 
of superintendent of transportation. Ask Johnson, who con- 
trols 500 vehicles for the Amber Oil Co., the same question 
about “accounts.” He will reply promptly: “Why, of course. 
We are under the supervision of the company comptroller, 
but all accounting, as well as cost keeping for transporta- 
tion, is handled in my department, under my supervision.” 
Then he will repeat that familiar but indefinite statement: 
“Our figures show what it really costs us to operate.” 

There are thousands of the Smith type of executive, men 
who think they are keeping costs, although they may have 
an incomplete system of accounts. The other type is as yet 
a comparative rarity but his kind is bound to increase. One 
of the by-products of the work of the Operation and Main- 
tenance Committee may well be the transformation of the 
Smiths into Johnsons, with benefit to themselves as well as 
to their employers. 

After all, this study we are undertaking is in effect an 
exploration of the science and art of management, as ap- 
plied to motor transportation. To the members of the Com- 
mittee, records or accounts are tools, and tools only. Our 


purpose is to find out how to use these tools to best advan- 
tage. 





The first problem of the Committee has been to harmonize 
what I may call the “service” and the “commodity” points 
of view. These cannot be separated entirely, yet they seem 
to be the cause of criticisms of our program that deserve 
to be met fairly and squarely. 

The service point of view is that of the commercial motor- 
transport organization. It would be held by common car- 
riers and contract carriers of passengers and freight. These 
carriers or organizations are likely to be influenced by the 
accounting and other practices developed by the steam and 
electric-rail systems. In many cases they are required to 
copy the rail-system methods when they come under regula- 
tory authorities. In others the rail influence is powerful, 
because of ownership or of the previous training of man- 
agers and engineers. 

If the motor-vehicles are operated by a company whose 
general business is the manufacture or marketing of a 
tangible product, the commodity point of view appears. 
It is held generally by what may be called the departmental- 
ized form of motor-transport organization. Naturally this 
is governed to a major extent by the type of business of 
which it is a department. 

The separation between the service and the commodity 
points of view and between the types of operation which 
may be described by the two terms is clear enough for the 
discussion which follows, even though it is easy to find exam- 
ples of mixture. A taxicab company, although a commercial 
operator and seemingly in the service group, may have little 
in common with the local trolley-company. On the other 
hand, a public utility such as an electric light and power 
company is a hybrid, since its motor-vehicles are of the 
departmentalized variety, although the company itself may 
be considered in the service class, and certainly “enjoys” 
the regulatory status of its neighboring trolley property. 

Now, to indicate the bearing of the two viewpoints or 
kinds of operation on the problem before the Committee. 
As regards financial records, the emphasis of the commodity 
group has been on cost keeping, what the individual vehicle 
does, or essentially the breaking down of the total of indi- 
vidual items of expense, such as tires and gasoline, into 
component parts designed to serve as units of performance 
comparison. If any general accounts have been kept they 
are usually incomplete, with little or no attention paid to 
items of administrative or overhead expense for which the 
motor-transport department might in all fairness be charged. 


BASIS OF EMPHASIS ON COST KEEPING 


Just what is the cause of the emphasis on cost keeping? 
It probably is due to a combination of circumstances no 
one of which is more important than the others. There was 
the piecemeal nature of the first installations, with one ve- 
hicle purchased at a time and each unit considered the sub- 
ject for a self-contained system of financial and performance 
records. Then this method became a habit even after it 
apparently was outgrown, or at least proved inadequate, 
when a few pieces of equipment gradually developed into an 
essential department of the organization. Another and per- 
haps more important cause of the tendency toward cost 
keeping is the example set by other departments of the 
business. It has long been the custom in manufacturing 
and merchandising business to record detailed information 
of the expense for a given article or job or process, and thus 
analyze the expense for such broad items as labor and 
material into their component parts. The process was 
fairly accurate so long as the greater part of the expense 
consisted of labor and material which could easily be allo- 
cated to the particular job or product. The distribution or 
allocation of the remainder could then be subjected to the 
“elastic technique” characteristic of cost keeping; in other 
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words, it was a matter of more or less refined guesswork 
but with the possible inaccuracy kept within reasonable 
limits. 

The shoe is on the other foot, however, in the case of the 
average service type of operation. Direct labor and expense 
is a small part of the total expense, even with transportation 
equipment applied to the commodity type of installation. 
Hence, the emphasis in railroad accounting and to a consid- 
erable extent in that used for commercial motor-transport 
companies has been on the working-out of the general ac- 
counts. Totals were wanted rather than components, and 
the income statement, it was thought, showed whether the 
expense was too high. If that happens there are conventional 
methods of pruning that can easily be put into effect. 

As a matter of fact, with lower profits and strict regu- 
latory control, the transportation companies are making 
more and more effort to detect and localize losses and in- 
efficiencies, to compare different methods of doing the same 
work and to balance revenue against expense for a given 
route or job, by the use of cost-keeping methods taken over 
from outside businesses. So far this work has been under- 
taken only. by a few pioneers, however. 

With the emphasis of commodity accounting on cost keeping 
and of service accounting on the general or financial ac- 
counts, and with each one leaning a bit toward the other, 
the leaning being somewhat more pronounced on the part of 
the commodity toward the general accounts, what was our 
Committee to do? 


BREAKING DOWN EXPENSE 


One of the first suggestions was that the items of expense 
for motor transportation are simple, well understood and 
generally followed, so that all we need to do is to define 
and recommend the methods of unit comparison, such as the 
ton-mile, to be followed. A little investigation showed a 
wide variation in the items different people include under 
the head of operating expense. The same items or accounts 
had many and sundry meanings, according to their user. 
Moreover, it was pointed out that the breakdown of expense 
for comparison would be of little value unless there were a 
definite starting point. 

This situation suggests a standard list of items, the total 
of which shall be known as operating expense. In other 
words, a list to correspond with the classification of operat- 
ing expenses promulgated by the Interstate Commerce Com- 
mission for steam railroads. Our efforts would be confined 
to the operating-expense classification because that is of 
interest to every user of business motor-vehicles. It is the 
most important also, as well as the most pressing. 

The list or classification of this kind has been well de- 
fined as 

A comprehensive plan designed to reveal the eco- 
nomic effect of every factor essential to a true state- 
ment of the progress or condition of an enterprise. 


Its main advantage is that, if followed, intelligent com- 
parisons can be made of detailed results secured by differ- 
ent companies and at the same time each company can 
break down the individual accounts for any form of cost 
keeping or analysis desired so long as the integrity of the 
primary accounts is not impaired. 


THE IDEAL CLASSIFICATION 


The ideal classification would be one in which each gen- 
eral and primary account could be used for cost-keeping 
purposes merely by an arithmetical process such as divi- 
sion to obtain fuel expense per mile operated. The possi- 
bility of or the necessity for thus breaking down the ac- 
counts would be considered consciously and unconsciously in 
the formulation of the classification. It might even be de- 
sirable to suggest subaccounts that would have the effect 
of “tying-in” a cost-keeping system with the classification. 
Thus the matter of cost keeping would be given the most 
eareful considertaion with a view to assuring the use of 
the classification for what some believe would be its most 
valuable purpose. 
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With the idea of such a classification advanced, the next 
step is to determine whether it can actually be worked out 
in a form to make it of practical value to the users of 
motor-vehicles. Obviously it should represent the best prac- 
tice, the best thought, of those engaged in operation or con- 
versant with its requirements. We must first find out what 
the best practice and thought is. The next move might be 
the drafting of a tentative classification for general study 
and criticism. But the draft should be undertaken, in my 
opinion, only if it seems justified by the information col- 
lected. 

We are now collecting information primarily from the 
large-scale installations. We are, of course, covering all 
the different kinds of commercial motor-transportation or- 
ganization and also the departmentalized installations in 
which the motor-vehicle is an important feature, because 
the expense of delivery is a substantial portion of the gross 
earnings or on account of the application of portable power- 
units. 


BROAD COOPERATION AND ELABORATE BASIS NEEDED 


The associations of truck owners, coal merchants, laundry- 
men, oil and fuel companies, and the like have been notified 
of what we are doing, asked for the results of any account- 
ing work they may have done or may have in view and 
invited to cooperate with our Committee. In this way and 
by direct contact with a large number of installations we 
hope to learn the peculiar requirements of all the leading 
users insofar as they may affect accounting procedure. The 
response to our requests for information has been most 
generous and cordial. 

A mere list of account titles does not meet the needs. 
What we need most is to know what is behind the accounts, 
how they are used, what they mean; in short, definitions, 
explanations, instructions, philosophy. 

After the large-scale classification has been formulated, 
it will be easy to recommend one or more condensed ver- 
sions, so arrangd that the main elements of the classifica- 
tions will be alike and comparable, the simpler requirements 
of the smaller operators being recognized at the same time. 
This method of building a foundation on an elaborate scale 
has been followed in formulating the railroad classifications 
and is believed by those who have had long experience in 
classification committee work to be the only practicable 
procedure. Accountants seem to have no clear rule for 
defining or testing the constitution of an account. What 
importance the charges represented must have to justify 
being placed in one account is largely a matter of judgment 
or perhaps of accounting custom and precedent. Each ac- 
count is a signal, it is agreed, for use in rooting out past 
mistakes and in making plans for a brighter future. The 
charges included in any one account should be limited, prac- 
tice seems to indicate, to business facts or transactions of 
the same kind, so that every value reflecting the result of an 
action by an executive should be recorded in an account. 
This means, apparently, that there should be as many ac- 
counts as there are “actions” by the executive, and is of 
practical use only when the meaning of an action is clearly 
defined. A more definite guide is the suggestion made by 
one authority that no account should include more than 5 
per cent of the total operating expenses. Certainly an ac- 
count should not be a general blur devoid of all significance 
because essential distinctions are merged. At the same time 
refinements should be avoided. Separate accounts should not 
be recorded of information needed only occasionally. It 
would be better when the data are required to take them 
from the subsidiary records, thus eliminating a condition 
whereby savings secured by the refinements are less than 
the accounting cost involved. 


DEFINITIONS AND MEASUREMENT UNITS IMPORTANT 


The names or titles of the primary accounts will need 
special attention. Some of those commonly used are either 
ambiguous or deceptive, not signifying the kinds of transac- 
tion or valuation supposed to be included. The definition of 
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the various accounts is, of course, the principal task before 
the Committee. This is just as essential as their arrange- 
ment in a standard order to be followed in all reports and 
statements. 

Cost keeping, viewed as the breakdown of the primary 
accounts, seems at first sight extremely complicated. But 
this may be for want of principles to serve as a foundation. 
There is much confusion also because of the attempt to meas- 
ure performance by means of the accounts when it should be 
kept entirely separate. Whether a vehicle is up to standard 
as regards fuel and lubricant consumption can be settled by 
keeping records of mileage and amounts, but these records 
need not be tied in with the dollar values which are the 
essential feature of accounting records. 

The prime difficulty in breaking down maintenance ac- 
counts for cost-keeping purposes, and these are the accounts 
in which such breakdown is most needed, is the lack of a 
simple and commonly recognized unit of measurement for 
repair work actually performed. It seems fairly easy to 
total the dollars spent for repairs, although even this may 
be open to question. Miles run may tell roughly what has 
been taken out of a vehicle or a group of vehicles, but how 
much does this number of miles indicate as to the repair 
work put back into them? Value of material applied, an 
even rougher index, is of doubtful merit because it seesaws 
greatly with the expense for repair labor. 

Our investigation has revealed at least six methods in 
the nature of cost keeping by which the labor and materials 
expense usually included in the repairs account can be dis- 
tributed. I have listed these below, not in the order of 
their importance but merely to show what the Committee 
has to face: 

(1) Cause of work 

(a) Normal wear-and-tear 
(b) Collisions 
(2) Vehicles 
(a) Individual units 
(b) By groups, as make, size, job or route 
(3) Kind of Work 
(a) Preparation, as greasing or cleaning 
(b) Routine, as inspection or adjustment 
(c) Emergency, as failures or accidents 
(d) Overhaul, complete rebuilding 
(4) Where Work Is Done 
(a) Own shop or garage 
(b) By other operators 
(c) Outside shops or service stations 
(5) Parts or Units Repaired 
(a) Chassis 
(b) Engine 
(c) Body and other divisions as desired 
(6) Fundamental Distribution 
(a) Materials 
(b) Labor 
(c) Miscellaneous 


This is only a partial list but it illustrates the complexi- 
ties of the problem. At least one company uses method (2) 
for shop records, the items being arranged in the accounting 
department according to method (5). 

Our task, as I see it, is to study the best practice in ac- 
counting and cost keeping followed by users of motor-ve- 
hicles, with the purpose of analyzing it and making the 
principles derived or other results freely available for the 
benefit of the public, the users of business motor-vehicles 
and finally the manufacturing industry which is vitally con- 
cerned in the efficient utilization of its product. 


WORLD MOTOR-TRANSPORT CONGRESS 


Society’s European Trip Will Include Sessions Held 
in London in November 


In addition to the conferences that will be held in London 
in connection with the Commercial Motor-Transport Exhi- 
bition, members of the Society will attend the sessions of 


the World Motor-Transport Congress shceduled for the dates 
immediately preceding the Commercial Motor-Transport 
Exhibition. 

The tentative plans for the European Trip indicate that 
the party will sail on the Berengaria on Nov. 8, arriving 
in time for the opening of the World Motor-Transport Con- 
gress, leaving England on the Aquitania on Nov. 26 and 
arriving in New York on Dec. 3. Many members will of 
course leave on earlier or return on later boats, but one of 
the reasons for making the trip is the persona! contacts 
established. Society members who participated in the trip 
to England in 1911 made friendships that have been the most 
enjoyable part of their professional life. 

Special invitations to join the party have been sent to 
members of the Society interested particularly in automotive 
transportation. Other members who would like to consider 
the desirability of making the trip should communicate with 
the Society’s office in New York City to receive more com- 
plete information. 

Among members who are seriously considering attending 
the Commercial Motor-Transport Exhibition and the World 
Motor-Transport Congress are Vice-President W. G. Wall, 
Councilors J. F. Winchester and Ernest Wooler, and B. B. 
Bachman, David L. Bacon, N. D. Ballantine, F. J. Campbell, 
John R. Cautley, A. W. S. Herrington, F. C. Horner, Neil 
MacCoull, R. E. Plimpton, and J. Webb Saffold. 

Plans decided upon for the World Motor-Transport Con- 
gress were outlined recently as follows in Commercial Motor 
(London) : 


It is claimed for the World Motor-Transport Con- 
gress, which is to be held in London in November, that 
it will be an event of first-class importance. Con- 
gresses under this title have been held on three occa- 
sions in America, but the forthcoming gathering may 
be fairly regarded as the first of a new and more gen- 
erally valuable series of events which, in course of 
time, may exert very powerful influence in favor of the 
further development of road transport throughout the 
world. 

The Congress to be held in London this autumn will 
consist of six meetings, which will take place on the 
mornings and afternoons of Nov. 14, 15 and 16. On 
Nov. 17 the delegates at the Congress will pay an offi- 
cial visit to the Commercial Motor-Transport Exhibi- 
tion at Olympia. 

The Society of Motor Manufacturers & Traders, 
Ltd., is acting as organizer of the Congress under 
the auspices of the Bureau Permanent International 
des Constructeurs d’Automobiles, which is a _ body 
formed to regulate certain international matters affect- 
ing the motor industries of all manufacturing countries. 

Although the Congress will take place in London, it 
will be of an entirely international character. Equal 
opportunity will be given to all nations to be fully 
represented, to submit written contributions and to take 
part in the discussions on the selected subjects. It is 
anticipated that further Congresses will subsequently 
be held in the capitals of other countries, the pro- 
grams for these later events depending on the deci- 
sions which will be arrived at in November as to what 
subjects require further investigation and what infor- 
mation or statistics ought to be collected as a basis for 
later discussion. 

In the present instance, six main headings for dis- 
cussion have been agreed upon. These are as follows: 


(1) Road construction and improvement in rela- 
tion to the development, efficiency and econ- 
omy of road transport 


(2) Mechanical road-transport as an instrument 
of development of world resources 

(3) The necessity for cooperation between road 
and rail transport 

(4) The development of motor-vehicles suitable 


for service on bad roads and for cross- 
country use 
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(5) The improvement of facilities for interna- 
tional travel by road 

(6) Fuels and fuel supplies for road motor- 
vehicles 


Invitations are being addressed to the Governments 
of all nations and to important organizations concerned 
with inland transport throughout the world, and all 
who nominate delegates are invited to send in written 
contributions under any of the headings mentioned 
above. These contributions will be distributed to all 
delegates well in advance of the meetings. Conse- 
quently, it will. not be necessary to take up time at the 
actual meetings by the reading of papers. Those 
who have submitted papers will be asked to summa- 
rize the main points they wish to bring forward and so 
open a general discussion, in which it is hoped that not 
only those who have information to give but those who 
desire to obtain information will take equal part. 

It has been suggested that the forthcoming Congress 
may be fairly regarded as the first of a new series of 
gatherings of this kind. Previous Congresses under 
the same name have been attended largely by people 
directly connected with the business of motor manu- 
facture and distribution. Such interests will, of course, 
be again represented in London, but a very large pro- 
portion of the representation will be official. Arrange- 
ments have already been made under which all parts 
of the British Empire will be officially represented. 


BIBLIOGRAPHY FOR VEHICLE OPERATORS 





Research-Department List of Reference 


Published by the Society 


Since the organization of the Operation and Maintenance 
Committee of the Society there has been a pronounced de- 
velopment of interest among the members and many non- 
members who are engaged in motor-vehicle fleet-operation 
and maintenance. Papers and articles relating to this branch 
of the automotive industry and business in general through- 
out the Country have been read at meetings of the Society 
and published in THE JOURNAL. To give the members direct 
references to these, the following compilation has been made 
of articles published by the Society. 


Articles 


Brennan, E. J.—Motorized Railroad Equipment—THE 
JOURNAL, June, 1924, p. 656; and September, 1924, 
p. 195. Reprinted in TRANSACTIONS, Vol. 19, Part I, 
p. 582. 

Deals with general subject of costs. 

Cain, James W.—Motor Rail-Cars—THE JOURNAL, 
October, 1924, p. 317. Reprinted in TRANSACTIONS, 
Vol. 19, Part II, p. 438. 

Gives data on operating costs. 

Fairbanks, William H.—Operating Costs and Economic 
Life of Motor Vehicles—THE JOURNAL, March, 1926, 
p. 285. 

Favary, Ethelbert—Six-Wheel Truck Construction and 
Operation—THE JOURNAL, April, 1925, p. 427. Re- 
printed in TRANSACTIONS, Vol. 20, Part I, p. 197. 
Gives data on the cost of transportation. 

Guernsey, C. O.—Requirements in Rail-Car Design— 
THE JOURNAL, July, 1925, p. 74; and December, 1925, 
p. 609. Reprinted in TRANSACTIONS, Vol. 20, Part 
II, p. 525. 

Hatosy, F. E.—Inspection, a Means for Economical 
Motor-Truck Fleet-Maintenance— THE JOURNAL, 
June, 1926, p. 637. 

Hutt, A. E.—Motorbus Transportation—THE JOURNAL, 
June, 1924, p. 591; and September, 1924, p. 251. 
Gives data on maintenance costs. 

LaSchum, E. E.—Engineering Brains in Fleet Opera- 
tion—THE JOURNAL, October, 1923, p. 276. Reprinted 
in TRANSACTIONS, Vol. 18, Part II, p. 743. 

Discusses fleet operating-costs. 
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Plimpton, R. E.—An Analysis of Costs for 10 Years 
of Fleet Operation—THE JOURNAL, May, 1924, p. 
539; September, 1924, p. 206. Reprinted in TRAN- 
SACTIONS, Vol. 19, Part I, p. 665. 

Power, Eugene—The Cost of Operation and Economic 
Life of Motor Trucks—THE JOURNAL, July, 1926, 
p. 59. 

A general discussion with charts showing costs per 
mile for 387 automobiles from 1919 to 1923 and for 
2 contrasting types of truck. 

Ruprecht, Louis—Cost of Work with Gasoline Motor- 
Trucks—S.A.E. BULLETIN, May, 1912, p. 44. Re- 
printed in TRANSACTIONS, Vol. 7, Part II, p. 86. 
Deals with truck operating-costs. 

Schipper, J. Edward—Motor-Transport-Field Oppor- 
tunities for the Automotive Engineer—THE JOURNAL, 
May, 1926, p. 463. 

Scott, Joseph—Analysis of Operating Costs of Auto- 
motive Equipment—THE JOURNAL, April, 1926, p. 
367. 

Gives charts and graphs of operating and main- 
tenance costs and economic life of vehicles. 

Winchester, J. F.—Observations of a Superintendent 
of Motor-Truck Fleet-Operation— THE JOURNAL, 
May, 1924, p. 496; December, 1924, p. 567; and May, 
1925, p. 534. Reprinted in TRANSACTIONS, Vol. 19, 
Part I, p. 597. 


STATE MOTOR-VEHICLE REGULATIONS 





Subcommittee of Operation and Maintenance Committee 
To Study Variations 


After the Operation and Maintenance Committee of the 
Society was organized this year, one of the principal studies 
it planned to undertake is a comparison of the regulations 
in force in the several States, and eventually to prepare 
recommendations that would make such regulations more 
uniform with the object of relieving motorcoach and motor- 
truck manufacturers of the necessity for changing construc- 
tional features of the vehicles to meet the varying require- 
ments in different States. 

Another phase of the study will be to submit recommenda- 
tions regarding existing regulations that make it difficult 
for operators to maintain vehicle operation in conformity 
with those regulations. An example of this is the require- 
ment that the license issued for a given vehicle must bear 
the engine number of that vehicle. An operator who re- 
places an engine in a vehicle must either take out a new 
license for the new engine number or change the number on 
the replacing engine to correspond with the existing license. 
It is felt that State regulations can be modified to permit an 
operator to make a complete engine-change without requir- 
ing a new license or delaying unduly the operation of the 
vehicle. 

This Subcommittee held its first meeting in New York City 
on June 29, at which time it was agreed that the large rep- 
resentation of the motor-vehicle operating-engineers in the 
Society justifies the Subcommittee’s taking up this work 
regarding State and National regulations when they affect 
motor-vehicle operation and maintenance. It was also felt 
that the subject of taxes might well be included in the scope 
of the Subcommittee’s work. Among the items discussed, the 
following were agreed upon as of immediate interest: 


The matter of present State requiremems for regis- 
tration of engine numbers which make it difficult to 
interchange engines between vehicles, a procedure 
which is often required in fleet maintenance. 

Variation in requirements for the location and color 
of motorcoach marker-lights, which causes confusion 
in the operating of interstate lines and in the shifting 
of vehicles from one State to another. 





(Concluded on p. 192) 





A SAAT 


To 


———— 


Vol. XXI1 


August, 1927 No. 2 








Standardization Activities 





OIL AND GREASE-CUP REVISION 





Subdivision To Revise Present Specifications by Adding 
Shank Dimensions 


A Subdivision of the Parts and Fittings Division was re- 
cently organized to consider the revision and amplification 
of the present S.A.E. Recommended Practice for Oil and 
Grease-Cup Threads. The present specification, printed on 
p. C57 of the March, 1927, issue of the S.A.E. HANDBOOK, 
includes only the nominal thread-size. It has been suggested 
that consideration be given to adding dimensions for the 
threaded-shank length and the width across flats of the hex- 
agon shank. 

While no meeting of the Subdivision has as yet been held, 
the chairman, G. L. McCain, of Dodge Bros., Inc., has pre- 
pared the following revision of the table as a basis for dis- 
cussion: 


Width Across 
Nominal 


Flats of Threaded- 
Thread- Threads Hexagonal Shank 
Size, In. per Inch Shank, In. Length, In. 
1/84 27 7/16 3/8 
1/4¢ 18 9/16 7/16 
3/84 18 3/4 1/2 
1/2 14 7/8 9/16 
No. 10 32 7/16 or 3/8 1/8 
1/4 32 7/16 or 3/8 3/16 
5/16 32 7/16 or 3/8 1/4 





« Pipe thread. 


This suggested specification is now being circularized to 
the principal manufacturers of oil and grease-cups and to 
the Subdivision members with the request that they submit 
their comments and suggestions so that the first Subdivision 
meeting may have some definite figures to discuss. 

The Subdivision has the following personnel: G. L. 
McCain, Dodge Bros., Inc., chairman; A. K. Brumbaugh, 
White Motor Co.; R. J. Gits, Gits Bros. Mfg. Co.; A. W. 


Reader, Bassick Mfg. Co.; and W. J. Outcalt, General Motors 
Corporation. 


NEW S.A.E. STEEL RECOMMENDED 





Subdivision Submits High-Manganese, High-Sulphur 
Steel Specification 


Discussion at the last meeting of the Iron and Steel Divi- 
sion held in Metroit on March 29 indicated the need for high- 
manganese, high-sulphur steel specifications in view of the 
large usage that this type of steel is finding in the industry. 

A Subdivision consisting of R. B. Schenck, Buick Motor 
Co., chairman; H. W. Graham, Jones & Laughlin Steel Co.; 
W. G. Hildorf, Reo Motor Car Co.; W. R. Shimer, Bethlehem 
Steel Co.; and E. W. Upham, Chrysler Corporation, after 
giving the matter thorough consideration, recommends the 
following specification for approval by the Iron and Steel 
Division: 

PROPOSED NEW STEEL 


Element Per Cent 
Carbon 0.10-0.20 
Manganese 1.25-1.55 
Phosphorus, maximum 0.05 
Sulphur 0.08-0.13 


This proposed specification is being circulated among steel 
mills and manufacturers of automotive vehicles for com- 
ment and criticism, and a summary of the replies will be 
presented to the Subdivision for consideration at its next 
meeting. 


The following excerpt from the minutes of the Subdivision 
meeting, held in Detroit on June 22, gives the reasons which 


led to the adoption of values of the various elements of this 
steel: 


It was felt that the principal demand at the present 
time is for a carburizing steel with a carbon range of 
0.10 to 0.20 per cent. Steels of this type with high 
carbon-content are used to some extent, but the demand 
at present is rather limited. It was agreed that a 
range of 0.15 to 0.25-per cent carbon is undesirable 
for most carburizing work. 

It was felt that one manganese range instead of 
two or more is highly desirable in the interest of stand- 
ardization. Little information seems to be available 
as to the relative machinability of the two types; 
namely, 1.00 to 1.30 and 1.25 to 1.75 per cent of man- 
ganese. Steels with manganese under 1.20 per cent 
approach rather closely S.A.E. Steel No. 1120, while 
steels with over approximately 1.60 per cent of man- 
ganese have been reported in several instances as de- 
ficient in machinability. It was agreed that a range 
of 1.25 to 1.55 per cent seems to give the most satis- 
factory results. 

It was decided to specify a maximum phosphorus- 
content af 0.050 rather than 0.045 per cent as the 
higher figure should prove perfectly satisfactory and 
would facilitate the manufacture of this steel by the 
acid open-hearth process. 

A sulphur content of 0.09 to 0.13 per cent was at 
first proposed, but it was felt that the steel manufac- 
turers should have a range of 0.05 instead of 0.04 per 
cent. Considerable discussion ensued as to whether 
the range should be widened upward or downward. 
The 0.14 per cent of sulphur would tend to produce a 
greater number of manganese-sulphide inclusions; on 
the other hand, 0.08 per cent of sulphur would tend 
toward impaired machinability. A range of 0.08 to 
0.13 per cent of sulphur was finally agreed upon. It 
was the opinion of the Subdivision that a 0.10-per 
cent minimum sulphur-content would necessitate too 
high a maximum value for this element. 


REVISED BATTERY SPECIFICATIONS 





Demand for Thicker Plates Necessitates Larger Motor- 
coach-Battery Dimensions 


The formulation of the present motorcoach-battery specifi- 
cations on p. B23c of the March, 1927, issue of the S.A.E. 
HANDBOOK was based on the ratings and dimensions of the 
5/32-in. plate batteries made by various companies. Since 
that time the development of the %4-in. battery-plate and the 
increase in demand for the thick-plate type has necessitated 
a revision of the specifications. 

The dimensions of the thicker-plate battery are of neces- 
sity somewhat larger, although in general the present dimen- 
sional specifications cover this type of battery. 

The Subdivision on Motorcoach Storage-Batteries, at a meet- 
ing held in the Old Colony Club, Cleveland, on July 18, found 
it advisable to recommend to tue Electrical Equipment Divi- 
sion a revision of the maximum over-all length of batteries 
Nos. 24 and 26 and an increase in the maximum height of 
all batteries, to permit the use of stronger cases. 

Owing to the increase in battery efficiency it was found 
possible to recommend raising the minimum battery-ratings 
for most of the sizes. A new specification to cover large-size 
batteries was added under the number 27 to provide mount- 
ing dimensions for motorcoach builders using this type of 
battery. 
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The following table shows the revised specifications to be 
presented to the next meeting of the Electrical Equipment 
Division for approval: 

PROPOSED REVISED STORAGE-BATTERY SPECIFICATIONS 
Battery No. ian ae 26° 2. 26 °27 
Number of Cells 3¢ 3 32 6 6> §2 = 6 
Minimum Capacity at 

8-Hr. Rate,amp-hr. 110 129 178 88 88 104 118 

Minimum Current for 


20 Min., amp. 135 157 225 112 112 140 160 
Maximum Over-all Di- 

mensions, in. 

Length’ 17 19% 25% 26% 20% 32%, 34 
Width 7% 7% 75% 75% 95% 75% 75% 

Height 10% 10% 10% 10% 10% 10% 10% 

“ Side-to-side assembly of cells. 

* Double-row, end-to-erd assembly of cells 

1The over-all] end-to-end length includes handles, not hold 
down devices. The handles and the hold-down devices shall 
be attacned onk f «he case Terminals and con- 
nections shall not extend above the handles; the latter shall 
be the highest point. 

Note.—lIt is recommended that where the method of instal 
lation makes the handling of heavy 12-volt single-unit bat 


teries difficult, two 6-volt units of similar capacity be used 


The note with reference to the use of two 6-volt units in 
place of one 12-volt was approved after considerable discus- 
sion, it being felt that no definite size could be specified as 
the maximum for a single unit. 

The Subdivision personnel is as follows: A. K. Brumbaugh, 
White Motor Co., chairman; C. T. Klug, Willard Storage 
3attery Co.; G. L. Kyle, USL Battery Corporation; L. E. 
Lighton, Electric Storage Battery Co.; S. W. Mills, Pierce- 
Arrow Motor Car Co.; J. L. Rupp, Westinghousé Union Bat- 
tery Co.; and T. E. Wagar, Studebaker Corporation of Amer- 
ica. All members were present except Mr. Mills, who was 
abroad. 


SURVEY OF FLYWHEEL-HOUSING LIMITS 


Opinion of Clutch and Engine Manufacturers Deter- 
mined on Present Standard 


Some time ago a suggestion was received from one of the 
leading clutch manufacturers to the effect that the Trans- 
mission and Engine Divisions consider setting closer limits 
between the engine flywheel-housing and the transmission 
clutch-housing in unit powerplant mountings. Transmission 
engineers were of the opinion that tolerances for the eccen- 
tricity could be reduced as well as tolerances for the bore 
to eliminate some of the undesirable looseness which is per- 
mitted by the present limits. It was also suggested that the 
holes in clutch housings be specified as 3/64 in. larger than 
the cap-screw instead of 1/32 in. larger as now specified. 

Before taking any definite steps it was considered advis- 
able to canvass all manufacturers of clutches and engines 
including passenger-car and motor-truck manufacturers 
building their own powerplants to determine to what extent 
the present S.A.E. Standards are used and what difficulty, 
if any, had been experienced due to warpage, springing 
under load or similar conditions. 

To determine the attitude toward these changes and the 
manufacturers’ opinions as to the value of the suggestions, 
a letter was forwarded to manufacturers mentioned above 
with a return-form containing the following qnestions for 
which answers were requested: 


Number 
of Com- 1 2 
Manufacturers of panies Yes No Yes 
Clutches 9 4 3 6 
Passenger-Cars Having 
Own Engines 23 10 11 10 
Motor-Trucks Having 
Own Engines 7 5 2 4 
Engines 7 5 7 
Total 36 24 16 27 
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(1) Do you use the present S.A.E. 
sion for flywheel housings? 

(2) Are the present limits satisfactory? 

(3) Do the present limits permit misalignment? 

(4) Have you experienced difficulty due to warpage, 
springing under load or similar conditions? 

(5) Do you “true” flywheel housings for assembly? 

(6) Do you approve making holes in the clutch-hous- 
ing 3/64 in. larger than the cap-screw instead 
of 1/32 in. larger as now specified? 


Standard dimen- 


The accompanying table records the opinions as received 
and this summary together with all comments received will 
be presented to the Transmission and Engine Divisions at the 
next meetings for their decision as to whether any further 
action should be taken looking toward revision in accordance 
with the suggestion received. From the comments sub- 
mitted on the return-form it appears to be the consensus 
of opinion that if the present limits are adhered to no diffi- 
culty will be encountered and that the standard dimensions 
as given are in themselves satisfactory. 


REPORT ON MATHEMATICAL SYMBOLS 


In the report of the Mathematical Symbols Subcommittee 
of the Sectional Committee on Scientific and Engineering 
Symbols and Abbreviations, which was printed in the July 
issue of THE JOURNAL on p. 4 
occurred. 


several typographical errors 
These are listed below. 

In Section 
been —. 


1.2, in the second line should have 


In Section 3.3, a should have been used in giving the 
value for / instead of 00. This error was, of course, 
obvious. 

In Section 5.3, the expression signifying summation 
should have been written as follows: 


b 
- 
i a 
In Section 5.6, the solidus in the second member of 
the equation in the last line should have been omitted. 


RUBBER PARTS TO ABSORB VIBRATION 


Society Cooperating in Study of Tests for Mechanical 


Rubber Parts 


On several occasions inquiries have been made of the So- 
ciety regarding any tests that may have been adopted for 
determining the life and other qualities of mechanical rubber 
parts such as engine support-blocks, universal-joints, spring- 
shackle blocks, and door shock-pads. Inasmuch as no such 
tests have been developed, the sub’ect was discussed with 
the American Society for Testing Materials with which the 
Society cooperates in connection with material-testing speci- 
fications. Accordingiy, the Subcommittee on Rubber Prod- 
ucts That Absorb Vibration is being organized under Com- 
mittee D-11 for Rubber Products of That Society and it is 
anticipated that the Subcommittee will develop many new 
technical data that will be of great value to the automotive 
and other rubber-using industries. As the work of this Sub- 
committee progresses it will be reviewed in subsequent issues 
of THE JOURNAL. 





Questions 
3 4 5 6 
No Yes No Yes No Yes No Yes No 
1 6 2 2 3 5 2 5 4 
3 6 4 13 6 5 7 6 8 
1 2 2 2 2 3 2 
4 6 1 4 2 5 1 
4 13 2 23 12 16 12 19 15 
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ELECTRIC ARC-WELDING PAPERS 


Requirements Governing Awards in Competition on 
New Developments and Applications 


As stated in THE JOURNAL for May, the American Society 
of Mechanical Engineers has accepted the custody of $17,500 
to be awarded in a world-wide competition for the best three 
papers disclosing advance in the art of are welding. It is 
believed that this art presents opportunity for great develop- 
ment. In administering this trust, the American Society of 
Mechanical Engineers will appoint a committee of judges. 

Any one, in any country of the world, may compete for the 
prizes. All papers must be written in duplicate, in the Eng- 
lish language, and submitted to the Council of the American 
Society of Mechanical Engineers, addressed to the secretary, 
Calvin W. Rice, 29 West 39th Street, New York City. All 
exhibits must be in duplicate. Only papers bearing evidence 
of having been sent before Jan. 1, 1928, will be considered. 
Any paper arriving after Jan. 31, 1928, will be disqualified. 

Every paper should include all necessary drawings, photo- 
graphs, or other exhibits, so that the disclosure will com- 
pletely present the suggestions of the competitor. The utility 
of the suggestions must be shown not only for the application 
but also for possible use in connection with other designs 
and for other purposes. The possible advantages and econo- 
mies of the methods should be made clear, as these will be 
the chief base upon which winning papers will be selected. 


PRACTICAL USES Must BE OUTLINED 


The practicability of the suggestions must be evident from 
the paper. It is not necessary, however, that their actual 
application be fully shown, if possible uses are made clear. 
Originality of design is preferable, either in the method of 
applying the weld or in the design of the welding parts or 
their arrangement. Designs which are of no practical use 
will be considered only in case they include suggestions which 
could obviously be applied in other ways than those sug- 
gested. Methods of applying the arc-welding art which will 
improve existing machines, or make commercially possible 
machines which, in the light of previous engineering, have 
been regarded as impractical, are specially desired. It is 
not necessary that all parts of the structure be made of 
welded metal; it is only necessary that one or more parts 
be so made. 

In case two or more identical suggestions are received, 
the paper bearing the lowest serial number on receipt by 
the secretary of the American Society of Mechanical Engi- 
neers will have precedence. Because of this rule, competi- 
tors are urged to submit their papers as soon as they are 
prepared. 

The Council of the American Society of Mechanical Engi- 
neers may withhold any or all awards. 

Each paper must be typewritten on one side only of 8% x 
1l-in. paper and bound at the top with a protecting cover 
or jacket. The name and address of the competitor must 
appear on the front cover. Both copies of each paper must 
be enclosed within a sealed envelope, on the outside of which 
are placed the name and address of the competitor and the 
following legend: “Submitted to the American Society of 
Mechanical Engineers, 29 West 39th Street, New York City, 
in competition for the Lincoln Arec-Welding Prize.” This 
sealed envelope must be enclosed within a mailing wrapper. 
The receipt of each paper will be acknowledged. 

The committee of judges will not pass upon the acceptabil- 
ity of any apparatus suggested as a proper subject for this 
competition. 

In submitting papers, each competitor gives to the Ameri- 
can Society of Mechanical Engineers the right to publish his 


Production Bugineering 


paper, should it desire to do so, in any of its several pub- 
lications. Papers will not be returned to competitors. 

The decision of the committee of judges in interpreting 
the foregoing rules will be final. 

It is recommended that in preparing papers the small 
amount of literature available be studied to get the funda- 
mental principles which govern re-design. 

It is the purpose of the American Society of Mechanical 
Engineers to present the awards in 1928 at its Spring Meet- 
ing. All competitors will be properly notified of the action 
of the judges. 


AMOUNTS OF AWARDS 


The awards will be made to the authors of the most valu- 
able papers suggesting means and methods for carrying out 
the purposes of the competition and will be in the amounts of 
first, $10,000; second, $5,000; and third, $2,500. 

It is suggested that members who wish to enter this com- 
petition communicate with the Secretary of the American 
Society of Mechanical Engineers at 29 West 39th Street, 
New York City. 

BIBLIOGRAPHY 


Although comparatively little has been published on the 
art or practices of arc welding, the following references are 


furnished by the Research Department of the Society of 
Automotive Engineers: 


Automatic Arc-Welding, Finds Many Uses in Automo- 
tive Production—W. M. B. Brady and W. L. Warner 
—Automotive Industries, June 24, 1926, p. 1092. 

Body-Welding Methods Cut Labor Costs to Minimum— 
J. Edward Schipper—Automotive Industries, April 
9, 1925, p 652. 

Electric Arc-Welding in Airplane Construction—A. G. 
Bissell—Aviation, March 29, 1926, p. 446. 

Many Automotive Production Problems Solved by 
Welding Processes—P. M. Heldt—Automotive Indus- 
tries, Sept. 24, 1925, p. 506. 

Electric-Welding Processes in the Automobile Industry 
—P. Fassler—Automotive Industries, Aug. 26, 1926, 
p. 343. 

Metal-Welding Process Important Step in Auto Pro- 
duction—The Automotive Manufacturer, June, 1925, 
p. 10. 

Observations on Welding All-Steel Automobile Bodies 
—Joseph W. Meadowcroft—Motor Vehicle Monthly, 
December, 1925, p. 27. 


The Research Department also indicates the relative 
amount of welding used on open and sedan bodies by the 
electric-spot, the acetylene-gas and the arc-welding methods. 


RELATIVE AMOUNT OF WELDING ON AUTOMOBILE BODIES 


Type of Body Open Sedan 
Acetylene-Gas, in. 70 to 80 170 
Electric-Are, in. 10 to 12 11 to 12 
Electric-Spot, in. 1,000 1,600 


THE PROBLEMS OF COST CONTROL 


Materials, Equipment and Labor Comprise Production 
Engineer’s Study Elements 


The province of the production engineer is primarily com- 
posed of three elements. Materials come under his control 
carefully specified and designated for a specific purpose. 
What he is to do with them is preordained in a ceremony 
in which he may or may not have had a part. Labor comes 
in variable man-units of alleged ability and constancy ap- 
plied more or less energetically for stated periods of time. 
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Equipment, however, is more stable, more fixed in its habits 
and amenable to control, sometimes unfortunately too per- 
sistently permanent. 

These elements entail certain items of expense which 
comprise manufacturing cost and by which the ability of 
the production engineer is judged. An intelligent interpre- 
tation of cost figures is, therefore, of very considerable in- 
terest to the production engineer in order that he may recog- 
nize and understand completely the shop conditions which 
are represented in such a statement. There are many in- 
dicative ratios in terms of quantities produced, number of 
employes, man-hours, floor space, and the like, which take 
on a new significance when expressed in the dollars and 
cents of manufacturing costs. 

The idea of volume production at any cost is no longer 
permitted, if it ever was. Slower expansion has brought 
about the necessity for reducing costs and for earning more 
profit per unit of production. The quality of materials and 
workmanship, however, must not decline. It must improve. 
It is, therefore, clearly up to the efficiency of labor and 
more especially up to the equipment and methods element to 
show sufficient economy to offset whatever extra cost is in- 
volved in maintaining or improving quality, and then to 
earn a net gain. 

Many of the physical problems in the material element 
are to the production engineer an undesirable legacy which 
cannot be avoided and of which he is too often critical. 
They refer not only to the properties of various materials 
specified but also to the designs of parts required to manu- 
facture, as well as to the grotesque contortions sometimes 
necessary in assembling. But well within the production 
engineer’s realm are the matters of handling and inspect- 
ing the materials and parts through production. 


LABOR PROBLEMS ONLY PARTLY SOLVED 


The problems of the labor element have been partly solved, 
but they too extend outside the realm of the production en- 
gineer. Wherein they have been under his control, getting 
the most results per labor dollar, he has done a creditable 
job. On the whole, however, industrial relations are broader, 
and perhaps deeper than he cares to control. They deal 
with personal behavior due to mental reactions from social 
conditions brought about by economic necessity. The aver- 
age production man is no hyfalutin’ ’ologist. Granting then 
that the progress to be made in labor efficiency is relatively 
small and, with a more extensive use of automatic equip- 
ment, becoming relatively smaller, he must work out his 
salvation in terms of equipment and the choice of methods 
that the various types of equipment signify. 

Such physical conditions are well known but the com- 
plexion which cost analysis gives them is too often thought 
to be as false as the drug-store variety on a pretty face. 
Dependable costs, and they are worse than worthless if 
they are not dependable, interpret the physical conditions 
and factors with which the production engineer is dealing 
in terms of dollars and cents which affect the profit, the 
ultimate idea in manufacturing goods for sale. 

Take then some of the physical ratios and translate them 
into cost ratios. The unit of production is the common 
divisor. Direct labor in man-hours has been divided by pro- 
duction quantity in piece-work, production bonus-schemes 
and in almost every conceivable way to establish a control. 
Yet, here are some of the varied interpretations of a possible 
ease. The job is one requiring a measure of skill on the 
part of an operator running a machine, for instance a tur- 
ret lathe. A 40-cent boy produces 110 pieces in the same 
time that it takes a 60-cent man to produce 150 pieces. The 
direct labor-cost favors the boy on the job. Under a pro- 
duction bonus-plan with the quantity of 100 as a base figure, 
the boy would be even more preferable. A percentage over- 
head to direct labor still gives him the advantage, but as 
soon as complete cost analysis shows that the machine is 
costing $2 per hr. regardless of who runs it, the more com- 
petent operator’s cost per piece is shown in its true light, 





1M.S.A.E.—Chief inspector, Oakland Motor Car Co., Pontiac, 
Mich. 
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and, when factors of inspection and supervision are con- 
sidered with more attention required for the less competent 
operator, the greater production by the considerably more 
expensive man is far ahead. This, then, shows the oppor- 
tunity for fallacy. It also shows what a thorough under- 
standing of cost analysis may mean. 

With dependable production economy, the percentage of 
direct labor that is operating under the bonus plan to that 
operating under the day work plan is, of course, significant. 
The relation of the amount of indirect labor employed to 
the direct labor indicates a probable result but is more truly 
indicative when rates and the expense of service equipment 
used are also considered in conjunction with the actual 
work performed. 


FLOOR-SPACE AN IMPORTANT FACTOR 


The floor-space factor has been one of considerable dis- 
cussion and the saving of floor space the object of stren- 
uous endeavor. How important it is may be determined by 
considering the investment in equipment that will produce 
in 50 sq. ft. what previously required 500 sq. ft. With rent 
and building expenses costing in the neighborhood of $1.50 
to $2.00 per sq. ft. per year, the annual net floor-space sav- 
ing ranges from $675 to $900. This is relatively a smal] 
factor in consideration of the investment required, but un- 
der crowded conditions the value of the space released is 
far in excess of the figures placed on it by cost analysis. 

Reduction of small-tool and supply items, such as oil for 
lubrication, can be made to the benefit of each expense item 
but often to the detriment of maintenance costs and possi- 
bly to the actual loss of production. The attitude of bear- 
ing hard on all overhead items in a special drive for econ- 
omy can be too easily carried not only to a point of dimin- 
ishing returns but also to the extent of losing money by 
aggravated conditions in other items. This is particularly 
true in the case of comparing by percentage the overhead, 
which includes the fixed charges on equipment, with direct 
labor. As truly as machinery is taking over the functions 
of labor and releasing it for use in greater production or to 
a higher purpose, so truly must the burden expense which 
includes the cost of carrying and operating such equipment 
multiply in proportion to the direct labor-costs. It is reason- 
able to look for evidence of improvement, then, in the in- 
crease of some items of expense and to ratios that would 
have been frightful to the managers of 10 or even 5 years 
ago. 

The production engineer who can intelligently interpret 
costs to the betterment of his control will find a further use 
for them in breaking such facts down into understandable 
units for the benefit of foremen and even for the workers. 
Here exists a real desire to have a part in improvement, for 
which such periodical reports form an incentive. Here, too, 
is a desire to improve the conditions under which the work- 
ers operate, and to contribute to a greater ultimate profit in 
which they may reasonably expect to share. Best of all is 
impressed the idea that progress is measured in a greater 
ratio of power consumed and equipment used per worker. 


HUMAN ELEMENT IN INSPECTION 


R. R. Todd' Emphasizes an Important Factor in the 
Production of Automobiles 


No matter how intricate a part may be, it is possible to 
design gages that will function without much difficulty. But 
gages do not take into account the most important factor 
in the use of a gaging system, the human element. For 
example, gears, axles, engines, transmissions, and other parts 
are liable to develop noise. It may be practically impossible, 
to get, say, a differential assembly through inspection one 
day, yet the next day the gears will be acceptable although 
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Automotive Research 


INSTRUMENT RESEARCH AND DESIGN 





Progress Reports to Riding-Qualities Subcommittee 
Cover Theory and Practice 


Research may take one of two directions: it may explore 
the details of principles or processes in an attempt to define 
more exactly underlying fundamentals, or it may adapt to 
general practical usage a finding of science that has been 
confined to the realm of theory. In the three contributions 
made to Automotive Research this month, both types of 
research are represented. All of them deal with riding- 
qualities, a subject so complex, abstruse and of such timely 
interest as to assure for them a welcome from all students 
of the subject. They are contributed by investigators whose 
accomplishments in this field bring them a ready hearing; 
C. M. Manly’, Dr. Benjamin Liebowitz? and R. W. Brown’. 
This material was presented at a meeting of the Riding- 
Qualities Subcommittee of the Research Committee held 
during the Semi-Annual Meeting at French Lick Springs, 
Ind. 

One article, Contact-Accelerometer Gap-Error, exemplifies 
the more theoretical research. In it Dr. Liebowitz develops 
a refinement of operating methods for contact accelerometers, 
taking readings from the lower contact; this being in addi- 
tion to that set forth by him in a previous article in 
THE JOURNAL’. In his earlier publication Dr. Liebowitz 
analyzed the effect of gap-clearance and derived a gap- 
error formula. The present note defines more exactly one 
of the quantities used in the formula. 

The second article reports research directed toward lab- 
oratory verification of deductions arrived at in Dr. Liebo- 
witz’s theoretical research. C. M. Manly, C. B. Veal’ and 
Dr. Liebowitz have been studying for some time the prob- 
lem of devising an apparatus to test accelerometers. Under 
the title, Accelerometer Testing Apparatus, Mr. Manly and 
Dr. Liebowitz here summarize the results of the develop- 
ment work. In brief, the testing apparatus constructed 
incorporates an attempt to avoid the uncertain errors of 
any crank-motion by obtaining harmonic motion through the 
rotation of eccentric weights mounted on a spring-board, 
thus obtaining the advantage of extreme simplicity, min- 
imum cost and at the same time avoiding the errors inci- 
dent to lost motion by employing a molecular hinge. 

Recent studies made by R. W. Brown, at the laboratories 
of the Firestone Tire & Rubber Co., may be classified as the 
second or more practical type of research. Basing his de- 
velopment work on his earlier investigations into funda- 
mental principles of riding-qualities instrumentation, Mr. 
Brown has designed an accelerometer destined for practical 
road-usage. A progress report of riding-qualities research 
along these lines is incorporated in the third item, Riding- 
Qualities Instrumentation, prepared by Mr. Brown. 


CONTACT-ACCELEROMETER GAP-ERROR 





Study of Formula Leads to More Exact Definition of 
One Factor Involved 


In a previous article‘ an analysis was given of the error 
due to the inertia of the moving system in the use of the 





1M.S.A.E.—Consulting engineer, New York City. 
2M.S.A.E.—Consulting engineer, Jackson Heights, N. Y. 


8 M.S.A.E.—Mechanical engineer in charge of engineering labora- 
tories, Firestone Tire & Rubber Co., Akron, Ohio. 


4*See THE JOURNAL, November, 1926, p. 433. 


5M.S.A.E.—Research manager, Society of Automotive Engineers, 
Inc., New York City. 


lower or “make” contact of contact accelerometers. In this 
analysis I derived the formulas: 


E = (dm — as) /@m = 2/3 V (c/2 A) (1) 
E = (am — Ge) /am = 2/3 V[e,(1 + [K*/r*])/2A] (2) 

The first formula applies to accelerometers whose moving 
systems move in a straight line, without rotating; the sec- 
ond applies to instruments with pivoted moving-systems, 
which therefore rotate. 

In these formulas am is the maximum value of the im- 
pressed acceleration, and is the acceleration whose measure- 
ment is sought; as is the acceleration for which the instru- 
ment is set; 2A is the stroke of the impressed motion, 
assumed to be simple harmonic; and ¢ is the “gap”. In the 
second formula, c, is the “effective gap” measured at the 
center of gravity of the inertia element; k is the radius of 
gyration of the inertia element about its center of gravity; 
and v is the distance from the pivot to the center of gravity. 

Attention is here directed to the quantity as, the accelera- 
tion for which the instrument is set. It is clear that when 
the lower contact is used there are two zero-settings of the 
instrument; (a) when the upper contact just “breaks” and 
(6) when the lower contact just “makes.” Hence, for any 
other setting of the instrument, there will be two values 
of acceleration, according as we take the first or the second 
of the above-mentioned zero-settings. Let us distinguish 
between these two values of as by calling the first a, and 
the second a; that is, a corresponds to the upper-contact 
zero-setting and a, to the lower-contact zero-setting. The 
difference between these two values is sometimes consider- 
able. Now, in deriving the gap-error formula, I defined 
@s as identical with the value here called a, whereas, in 
actual practice, in view of the difference between a, and a, 
it is more correct to use the value of a as the indication 
of the instrument. The gap-error formula does not apply 
to the value a, but only to the value a. Failure to realize 
this will lead to erroneous results, as has been learned by 
experience. 

To use the gap-error formula under such conditions, it is 
necessary to go back to its derivation, wherein the motion 
of the inertia element was calculated on the assumption that 
as is constant throughout the travel from the upper contact 
to the lower. For this reason, the formula was restricted 
to small gaps. Actually, however, as varies throughout the 
motion from a, to a, so that a good approximation is ob- 
tained if we take as as the average between a, and a. 

Therefore, by defining as as 

ads = % (a + a) 
instead of as as = am, the formulas are more accurate and 
may be applied with good results to gaps of fair size. 

It should be mentioned that in a few practical applica- 
tions so far, the value of as = % (a: + a), when corrected 
by the formula, gives a result which does not differ very 
much from a, even for gaps of fair magnitude. Further 
analysis is therefore desirable to express the error in terms 
of a, directly. This analysis will be undertaken as soon as 
an oportunity is afforded.—B. Liebowitz. 


ACCELEROMETER TESTING APPARATUS 





Instrument Uses Rotating-Weight Method for Obtaining 
Harmonic Motion 


The obvious way to test an accelerometer is to subject 
it to a known motion whose acceleration can be calculated 
and compared with the indication of the instrument. The 
problem of designing such testing apparatus is therefore 
that of providing a known cyclical motion, preferably simple 
harmonic, but not necessarily so. 

The principal difficulties involved are to avoid (a) distor- 


121 


ty aS a I a a et 


feat 


ve se: 


SS RTT iy eta” vical Cae wae 


4 


seca at 


C0 Sor cig 0 CE ae Tee POL a, ae pee 


PPS 








Vol. XXI 











Fic. 1—THEORY OF ROTATING-WBIGHT METHOD oFf PrRo- 
DUCING SIMPLE HARMONIC MOTION 
Suppose the System Here Represented, Consisting of 
Weights W, and W. with L as the Center Distance 
between Them, and L,; and Ly, the Distances between 
W, and We. Respectively, and the Center of Gravity 
at G, Rotates around the Center of Gravity G:; then 
the Uniform Circular Motion of the Center Point of 
W, Can Be Represented by Two Simple Harmonic 
Motions at Right Angles to Each Other in Space and 
90 Deg. Out of Phase. Let a Constraint Be Put on 
W, So That It Can Move Only in a Straight Line in 
the Direction of One of Its Coordinates, x; the Cir- 
cular Motion of W, Will Be Changed into Its Projec- 
tion on the gw Axis. The Center of Gravity Still 
temains at Rest along the gz Direction, but It Now 
Has Simple Harmonic Motion in the Perpendicular 
Direction 


tions and (b) parasitic vibrations, to such an extent that 
the calculated acceleration of the mechanism will agree with 
its actual acceleration within required limits of error. Un- 
fortunately, there is at present no satisfactory way of check- 
ing the performance of such a mechanism itself, except by 
means of accelerometers, hence the testing equipment must 
be designed and constructed with proper care. On the other 
hand, if such apparatus could be made simple and easily 
reproducible, it would lend encouragement to the further de- 
velopment of accelerometers and would thereby afford mate- 
rial aid to the problem of measuring riding-qualities. 

In the spring of 1926, with the cooperation of C. B. Veal 
and the Overman Cushion Tire Co., we undertook the de- 
velopment of accelerometer testing equipment which aimed 
to meet the requirements indicated above. The work has 
suffered many delays, but sufficient data have been obtained 
to submit the present article as a progress report. In the 
fall of 1926, Mr. Veal’s duties as Research Manager of the 
Society prevented his taking a further active part in the 
project, but by that time the most important troubles had 
been met and dealt with. 


CRANK MOTIONS VERSUS ROTATING WEIGHTS 


Automotive engineers would naturally turn to the ordi- 
nary crank mechanism or to the scotch yoke to obtain a 
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predetermined cyclical motion. Such however, 


linkages, 
have certain drawbacks when it comes to accelerations of 
high speed and short stroke, which are precisely the accel- 
erations in 


which the automotive engineer is most inter- 
ested. 
These crank mechanisms each have five bearings; four 


rotating and one sliding in the ordinary crank, and three 
rotating and two sliding in the scotch yoke. Furthermore, 
at least four out of the five bearings are subject to reverse 
loading. When we bear in mind that at high speeds and 
short strokes discrepancies of the order of 0.001 in. between 
the actual and theoretical motions may be significant, the 
difficulties in applying crank motions to accelerometer test- 
ing apparatus become more apparent. 

On the other hand, predetermined or at least calculable 
accelerations can be obtained by unbalanced rotating weights. 
This method involves only two bearings and these do not 
have to be fitted with unusual accuracy because of the cen- 
trifugal load. This type of apparatus has its own variety 
of difficulties, of course, but after due consideration we felt 
that the rotating-weight method was preferable to the 
crank-motion method on almost all counts, at least insofar 
as high speeds are concerned. 


THEORY OF THE ROTATING-WEIGHT METHOD 


Imagine two weights W, and W:, connected as shown in 
Fig. 1, to be rotating with uniform angular velocity and 
subject to no external forces. According to fundamental 
principles of mechanics, the center of gravity G of the 
system will remain at rest. Assume that the weights are 
symmetrical with reference to a plane passing through G 
parallel to the paper. Then, if L is the center distance be- 
tween W, and W:, the location of G is determined by 
W. L: = W: Li, where L, and L. are the center distances 


from G to W, and W: respectively. Since L = L, plus Lz, 
we obtain 
L, = W.L/(W.-+ W:) (1) 
L. = W,L/ (W: + W:) (2) 
Let » be the angular velocity. The system is rotating 
about G with this angular velocity, and the centrifugal 


forces on W., and W: are opposite, and each equal to 
wo W,W.L/(W:+ W.) g. The radial accelerations of W: and 
W:. are respectively L. «* and L;, »’; that is, 
radial acceleration of W: = W,L «#’/(W. + W:) 3) 
radial acceleration of W: = W: Lw’*/(W, + W:) (4) 
Note that W. and W, may each be considered as either 
rotating or non-rotating about its individual center-of- 
gravity. 
It is well known that the uniform motion of a point in a 
circle can be represented by two simple harmonic motions 
at right angles to each other in space and 90 deg. out of 


phase. That is, if « and w represent the coordinates of 
the center of W:, then the motion of W: can be repre- 
sented by 
x = W.L sin pt (W,+ W.) (5) 
w — W.L cos pt/ (W: + W:) (6) 


Now, let a constraint be imposed on W:; so that it can 
move only in a straight line, in the x direction. The effect 
is to change the circular motion of W, into its projection 
on the x-axis, so that the displacement of W:; is now given 
by 

x = W.Lsin pt/(W.+ W:),w— 0 (7) 

The center of gravity G still remains at rest along the 
x direction, but it now has simple harmonic motion in the 
perpendicular direction given by 

u = —w = —[W:.L cos pt/(W: + W:)] (8) 
In other words, the effect of imposing the constraint on 
W: is simply to impress on G the simple harmonic motion u. 
It is important to note this fact because it eliminates the 
question whether any distortion will result from the con- 
straint; the angular velocity is not affected by forces acting 
through the center of gravity. 

Due to the constraint on W,, the motion of W:, will no 
longer be circular either. If y and z be the coordinates of 
the center of W.,, its motion will be given by 

y = —[W.Lsin pt/(W:+ W:)] (9) 
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i=— LW; L cos pt; (W, + W:)] Fig. 1 is theoretically capable of producing pure simple har- 
— [W.L cos pt/(W:+ W:)] monic motion given by 

— — Leos pt (10) x = W.L sin pt/(W: + W:) (11) 

As is well known, these equations represent an ellipse whose acceleration is . . 
whose semi-major and semi-minor axes are respectively L and d«/dt* = — [W. L » sin pt/(W: + W:)] (12) 


W,L/(W:i+ W:). The centrifugal force on W2., therefore, 
varies from maximum W.,L@ to minimum W,W:L2’/ 
(W: + W:). 

These values represent the principal bearing-load, because 
the weight of W. will be small compared with centrifugal 
force in any practical device of this kind. It follows that 
the contact area between the shaft and bearing will travel 
around the bearing with W:,, hence the bearing will have 
no tendency to knock even if the clearance is large. In 
short, the simple arrangement of rotating weights shown in 


Note that the theoretical amplitude of the motion is the 
ratio of the unbalanced moment W: L to the total weight, the 
weight of the instrument included. In practice, however, 
the actual amplitude will differ from this to some extent, 
because of the frictional and elastic reactions in the sup- 
ports and attachments. Furthermore, if rotary motions are 
involved in the supports, corrections must be made for in- 
ertia reactions. Hence, the amplitude cannot in general 
be very accurately predetermined by calculation and is 
preferably determined by measurement. This adds to the 












































Fig. 2—PLAN AND FRONT ELEVATION OF ACCELEROMETER TESTING APPARATUS 


Based upon the Theory Illustrated in Fig. 1, the Instrument 
Has the Following Parts Corresponding Roughly to the 
Constrained Weight W;: Four Boards b, Two on Either Side 
of the Apparatus, Each Pair Enclosing a Thin Strip, a; 
Cross-Pieces h and i, the Former Serving as the Platform 
Supporting the Accelerometer To Be Tested j; and Bearing 
Blocks l. The Rotating System Corresponding to We of Fig. 
1 Consists of Pulley m and Counterweights n, Shown Clearly 
in the Enlarged Detail in the Lower Left Portion of the 
Drawing, Mounted on Bearing Blocks | Driven by Motor o 
by the Belt p. The Constraint Imposed upon the Parts Cor- 
respanding to W, Consists of the Two Flat Flexible Wooden 
Strips a, Clamped for Two-Thirds of Their Length between 


Boards, b, and Held in Position by Blocks ec, d, e, and f and 
by Plate g Bearing on Blocks e and f. When the Rotating 
System Is Put into Operation, the Constrained Weight Con- 
sisting Roughly of Boards b and Everything Fastened Theretec 
Vibrates with a Simple Harmonic Motion, the Amplitude of 
Which Is Recorded by Marker on Rotating Drum r. The 
Frequency of the Vibration Is Measured by the Chronograph 
Arrangement Shown in Fig. 3, Which Is Electrically Con- 
nected with the Contacts of Accelerometer j, Sinde the 
Weight of the System Is Known, the Acceleration of the 
Vibrations Can Now Be Calculated, and Against This Is 
Checked the Acceleration as Shown by the Accelerometer. 
The Entire Apparatus Is Mounted on a Rigid Lathe-Bed k 
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measuring apparatus required but otherwise is no disad- Clock Mair’ Accelerometer Lower Contact Upper.Corntact 
vantage. Clock Switch Switch — Switch Switch Switch | o7denser 

The simple theory given must be modified to include the oe Mn asa We ae a eee 
reactions of the supports. It is unnecessary to go into de- LJ Let | | 1] Ty ed 
tail here further than to state that if the suspension is L SS SSy7,, sigs 
sufficiently flexible, so that the natural period of vibration Ray | | | 
of the entire suspended system is long compared with the = — -~~————joor Pheas tat 
period of rotation, the actual motion will approximate that —— | ff peewee | | 
prescribed by the simple theory, the degree of approximation ] 7 ie NE Fin i{ 
depending on the ratio of these periods. If this ratio be (i ora 4 edt i oe 
very large, the amplitude will remain sensibly constant for Q an rm a os 
small fluctuations in speed. 

) oH Field as 
SPECIAL DESIGN REQUIREMENTS 1] . jd eee | ) 

The weight W, of Fig. 1 must include a platform to accom- la U et 
modate the bearings for W: and the instruments to be tested, — [é npc Pooper) 
and it is essential that this platform move as a whole and 
that it be free from vibration within itself. Hence, the first Jo 7 | [heostat 4 qg 
design requirements are a symmetrical arrangement of un- Battery, Sicceleramer 
balanced weights and a rigid platform on which to support —__ _ _ them 
the bearings and instruments. Furthermore, this platform Fic. 4—ELECTRICAL CONNECTIONS FOR ACCELEROMETER TESTING 


should be light, to avoid reduction of amplitude, which is 
inversely proportional to the total weight. 

The platform may be supported and constrained in a 
variety of ways, the simplest of which is by a pivoted arm. 
This method will not give strictly rectilinear motion, of 
course, but by making the arm long compared to the stroke 














Fic. 3—CHRONOGRAPH ARRANGEMENT FOR OBTAINING A 
TIME RECORD OF CONTACT OPERATIONS 


Various Methods of Obtaining a Measurement of Speed 
Were Tried. The Chronograph Arrangement Shown Was 
Finally Adopted. This Apparatus Consisted of a Motor- 
Driven Roller-Mechanism for Driving the Paper Strip s, 
and Two Relays t and uw. Relay t Was Connected to a 
Contact Clock Beating Half-Seconds; Relay u Was Con- 
nected in the Accelerometer Contact-Circuit and Indicated 
the Number of Times the Contacts Operated in the In- 
terval Shown by the Contact Clock. Each of the Relays, 
of Course, Carried a Pointer Which Bore on the Moving 
Strip of Paper s 


APPARATUS 
To Operate the Relay u at the High Speeds Maintained, a 45-Volt 
Radio B-Battery in Series with a 12-Volt Storage-Battery Was 
Used, Giving a Total ef 57 Volts on v, the Upper, and w, the Lower, 
Contact of the Accelerometer, with a Series Resistance of about 
1000 Ohms To Keep the Current Down. In This Way the Effect 
of the Inductance of the Relay Was Reduced to the Minimum. By 
the Telephone, Connected with the Contacts of the Accelerometer, 
the Operator Can Determine when the Latter Is Set so as To 
Secure an Opening of the Contact with Each Vibration of the Board 
on Which It Is Mounted 


a very close approximation to rectilinear motion is obtained. 

The whole arrangement of platform and pivoted arm can 
be flexibly supported without springs by the simple expe- 
dient of balancing it with a counterweight. But on account 
of the increased inertia and consequent loss of amplitude 
which this would occasion, and also on account of torque 
reactions, a spring support was deemed preferable. The 
design requirements for the spring are that it shall be 
flexible enough to give the system the required long period 
and yet stiff enough to avoid free periods of its own within 
the working range of frequencies. 

To drive the rotating system, the best arrangement would 
seem to be a small electric motor with large bearings and 
a large shaft having the unbalanced weights fastened di- 
rectly to it. The motor could be small because it has only 
bearing friction to overcome, and it should be small to avoid 
loss of amplitude. On the other hand, the bearings must 
be large enough to take the centrifugal load, and the shaft 
big enough to avoid flexural vibrations in it. In commercial 
motors the shaft and bearings are too small to handle the 
centrifugal loads due to the necessarily large counterweights, 
hence a specially built motor would be required. 

Such a special motor was not available for the present 
experiment, so we resorted to belt drive. The objection, of 
course, is that parasitic vibrations are introduced by the 
“flopping” of the belt, especially since the driven pulley 
travels up and down with the platform. But, since the 
duty imposed is small, a light belt can be used, thereby 
keeping these parasitic vibrations small. 


DESCRIPTION OF THE APPARATUS 


In constructing the present device, our object was not to 
produce a finished piece of equipment, but only to assemble 
from materials on hand or easily obtainable a sufficiently 
reliable apparatus to indicate whether or not the rotating- 
weight method is suitable for the purpose in view. We feel 
that the results have justified our efforts so far and, al- 
though the apparatus is relatively crude, it serves to bring 
out the advantages of the rotating-weight scheme. 

In view of the foregoing analysis of the problem, a brief 
description of the apparatus will suffice. The platform, 
supporting arm and spring were all combined into a unit 
as shown in Fig. 2. Two flat wooden strips, a, were each 
clamped between two boards, b, leaving about one-third of 
the length of the thin strips a free. These projecting por- 
tions of strips a serve as the spring, being held in position 
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by blocks, c, d, e and f and by plate g bearing on blocks e 
and f. Cross-pieces h and i unite the two side-members, 
eross-piece h serving as the platform supporting the accel- 
erometer shown at j. The whole apparatus is mounted on 
lathe-bed k, which serves as a foundation. 

Fastened to the side-pieces b are the bearing blocks | for 
the shaft which carries the pulley m and counterweights n. 
The pulley and counterweights are shown more clearly in 
the enlarged detail shown as an insert in Fig. 2. Motor o 
drives the pulley m by the belt p. 

To measure the amplitude a marker was fastened to the 
platform as shown at q. A rotating drum, r, was brought 
into contact with this marker, and the amplitude was meas- 
ured from the resulting curve. Due to the fact that the 
motion of the arm was a pivotal movement about f, the 


AUTOMOTIVE RESEARCH 





125 


amplitude thus measured had to be corrected because the 
marker was farther from f than the center of the accele- 
rometer. This was a constant correction and was easily 
applied. The stroke determined in this way varied between 
0.166 and 0.175 in., a total variation of 0.009 in., in the 
entire series of runs to be described. 

Our amplitude measuring device was not as satisfactory 
as might be desired, and the error in this measurement was 
perhaps the largest single discrepancy. 

Various methods of obtaining a measure of speed were 
tried, and we finally resorted to a chronograph arrangement, 
shown in Fig. 3. This apparatus consisted of a motor- 
driven roller mechanism for driving the paper strip s, and 
two relays t and u. Relay t was connected to a contact 
clock beating half-seconds; relay u was connected in the 


TABLE 1—SUMMARY OF RESULTS 


1—Run No. 1 2 3 
2—Speed, r.p.s. 25.67 24.67 24.00 
3—Stroke, in. 0.1664 0.1710 0.1690 
Zero Setting 
4—Upper Contact 0.1700 0.1697 0.1690 
5—Lower Contact 0.1732 0.1730 0.1733 
6—Line 5 — Line 4 0.0032 0.0033 0.0043 
7—Average 0.1716 0.1713 0.1711 
8—Gap, in. 0.00200 0.00210 0.00270 
9—Theoretical Gap-Er- ‘ 

ror, per cent 6.05 6.07 7.00 
Micrometer Setting 
10—Upper Contact 0.1300 0.1305 0.1343 
11—Lower Contact 0.1375 0.1390 0.1413 
Acceleration, ft. per sec. 

per sec. 
12—Determined from Up- 

per-Contact Microme- 

ter-Setting 200.0 196.0 173.5 
13—Determined from 

Lower - Contact Mi- 

crometer-Setting 178.5 170.0 160.0 
14—-Determined from Av- 

erage-Contact Mi- 

crometer-Setting Cor- 

rected 181.5 172.0 160.5 
15—Calculated 180.5 171.0 160.0 
Deviation from Calculated 

Value of Acceleration, 

per cent 
16—Acceleration Deter- 

mined from Average 

Contact-Setting Cor- 

rected [100 (Line 14 

—Line 15)+Line 15] -+0.55 + 0.58 + 0.31 
17—Determined from 

Lower-Contact Set- 

ting [100 (Line 13 

—Line 15) ~ Line 

15] —1.160 —058 0 
Deviation of Upper-Con- 

tact Instrumental- 

Determination of Ac- 

celeration from Aver- 

age Instrumental-De- 

termination of Accel- 

eration 
18—Per Cent, [100 (Line 

12—Line 14) 

Line 14] 10.0 14.0 8.1 
19—Ft. per Sec. per Sec., 

Line 12 — Line 14 18.5 14.1) 13.0 


4 5 6 7 
24.70 24.60 25.00 24.45 
0.1680 0.1750 0.1660 0.1710 
0.1723 0.1722 0.1720 0.1707 
0.1733 0.1731 0.1732 0.1732 
0.0010 0.0009 0.0012 0.0025 
0.1728 0.1726 0.1726 0.1719 
0.00064 0.00058 0.00076 0.00160 
3.40 3.10 3.70 5.10 
0.1352 0.1365 0.1350 0.1345 
0.1398 0.1397 0.1390 0.1405 
185.5 178.5 185.0 181.0 
167.5 167.0 171.0 163.5 
171.0 170.0 74.0 165.5 
168.5 173.0 171.5 168.0 
Average, 0.12 per cent 
Average Absolute, 1.11 per cent 
+146 —1.76 +143 —1.51 
—0.60 —3.60 —0.30 —2.71 Average, 1.27 per cent 
8.5 5.0 6.3 9.4 Average, 8.76 per cent 


14.5 8.50 11.0 15.5 
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accelerometer contact-circuit and indicated the number of 
times the contacts operated in the interval shown by the 
contact clock. Each of the relays, of course, carried a 
pointer which bore on the moving paper s. The clock was 
checked after each run by counting the number of beats 
in 2 min. We believe that our speed determinations are 
accurate to better than 0.5 per cent. 

The diagram of electrical connections is shown in Fig. 4, 
and requires no comment. It may be pointed out that, to 
operate the relay u at the speeds at which we ran, we used 
a 45-volt radio B-battery in series with a 12-volt storage- 
battery, or a total of 57 volts on the accelerometer con- 
tacts v and w, with a series resistance of about 1000 ohms 
to keep the current down. In this way the effect of the 
inductance of the relay was reduced to the minimum. 

Even with this voltage in the accelerometer circuit, the 
accelerometer setting had to be reduced to operate the 
relay properly. For this reason, our speed determinations 
could not be made exactly simultaneously with the accele- 
rometer settings, so that some error crept in due to speed 
variations. With the apparatus available it was not feasible 
to adopt the more simple and direct plan of eliminating 
relay u and having marker q bear directly on the chrono- 
graph drum. In later experiments we hope to be able to 
do this and thereby obtain amplitude and speed on 
paper simultaneously with the accelerometer settings. 


EXPERIMENTAL RUNS 


one 


The accelerometer used in the test is of the micrometer 
type described in an article entitled Riding-Qualities, pub- 
lished in the Automotive Research department of THE 
JOURNAL.” It was hoped that we would be able to check-up 
the formula for the gap error when using the lower con- 
tact, which was given in an article entitled Contact-Accele- 
rometer Gap-Clearance’. When we began to collate the 
results, however, it became evident that the formula would 
not apply with sufficient accuracy in the present instance. 
As stated in the note printed above, this formula was de- 
rived on the assumption that the acceleration as is sensibly 
constant throughout the motion of the accelerometer weight 
from the opening of the upper gap to the closing of the 
lower gap. While this condition prevails in some types of 
instrument, the formula does not apply sufficiently closely 
to the present instrument. The best method under the cir- 
cumstances is to use the lower-contact zero-setting when 
using the lower contact, and the upper-contact zero-setting 
when using the upper contact. 

However, a first approximate correction can be obtained 
by taking as from the average value of the upper and lower- 
contact zero-settings, and applying the above-mentioned 
formula. This method was also used in working up the 
results, and gave values in closest agreement with the cal- 
culated accelerations, as will be seen from the summary of 
results given in Table 1. 

Owing to the changes which the apparatus was under- 
going, systematic runs were not made until very recently, 
and time has not been available to make many such runs. 
The experiments which we have tried so far have all been 
made at practically one speed and stroke but with different 
gaps. 

It will be noted, by comparing lines 13 and 15, and also 
from line 17, that the lower-contact value of acceleration, 
using the lower-contact zero-setting, agrees with the cal- 
culated acceleration determined from the speed and ampli- 
tude measurements within an average error of 1.27 per 
cent, the largest single discrepancy being 3.60 per cent. 
It will be noted further that the errors are all minus; that 
is, that the calculated value is systematically higher than 
the measured value. If we use the correction mentioned 
above, we get the results shown in lines 14 and 16, which 
agree with the calculated values within an average error of 
0.12 per cent and average absolute error of 1.11 per cent, 
the maximum discrepancy being 1.51 per cent. These results 
on the whole are satisfactory, but too much emphasis must 


® See THE JOURNAL, March, 1926, p. 249. 
1926, p. 434. 


™See THE JOURNAL, November, 
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not be placed on the small error obtained from the corrected 
value, because our runs have not been sufficient in number 
and the possibility of fortuitous cancellation of systematic 
errors must not be overlooked. Furthermore, the method 
of correction applied does not as yet have a sufficiently strong 
theoretical basis. The uncorrected lower-contact values, 
however, are sufficiently close to the calculated values to 
indicate the soundness of the apparatus and the method. 

As was anticipated, parasitic vibrations were present, 
due to the belt and other causes. For this reason we would 
expect the upper-contact values to be higher than the cal- 
culated or the lower-contact values. From lines 12 and 18 
it will be noted that the upper-contact values average 8.76 
per cent higher than the corrected lower-contact values, the 
maximum difference being 14.00 per cent, the minimum 
5.00 per cent. It should be mentioned that, while the lower- 
contact settings were fairly sharp, the upper-contact set- 
tings were comparatively broad, and some judgment was 
necessary in making the latter. The influence of the para- 
sitic vibrations is therefore quite marked and prevents any 
further analysis of the upper-contact values obtained in the 
present runs. The interesting fact is brought out that the 
effects of these parasitic vibrations can be successfully elim- 
inated by using the lower contact, at least under the condi- 
tions under which these experiments were performed. 

In conclusion, we wish to thank H. Centervall for his valu- 
able assistance throughout the work.—C. M. Manly and B. 
Liebowitz. 


RIDING-QUALITIES INSTRUMENTATION 


Accelerometer Developed for Practical 


Road-Testing 
Given Extensive Trial 


A six-element contact-type accelerometer has been per- 
fected at the laboratories of the Firestone Tire & Rubber 
Co. and is now in production. In the development of this 
instrument, gap error and the effect of axle vibrations of 
short period and high frequency have been eliminated. The 
instrument is sufficiently rugged to be applied to motor- 
truck, motorcoach and passenger-car axles. One of these 
accelerometers has been in such service for several hundred 
miles, and on its frequent inspections has been found to 
maintain its calibration within a few per cent. The object 
in the development work was to design a practical, usable 
instrument that would give results of sufficient accuracy to 
be valuable. 

This instrument counts the number of times the accelera- 
tions occur greater than a predetermined value, hence at 
the end of a test run it is necessary only to read the counter 
to get an indication of the average riding-qualities during 
the test. 

Careful investigation has developed the fact that the con- 
tacts as installed in the various contact-type accelerometers 
constructed to date cannot be made to function with a suffi- 
cient degree of precision to justify the use of an integrat- 
ing device. The method of integrating against time the 
current passing through the accelerometer contacts 
abandoned only after numerous road-tests, using a 
fully constructed German electrolytic integrator. 

The records taken with an oscillograph whose elements 
were connected in the accelerometer circuit showed conclu- 
sively that the contacts could not be made to open and close 
sharply, that the tendency to chatter was very pronounced 
and that the time the contacts were closed was as much a 
function of the contact construction as it was of the accel- 
eration to which the entire instrument was being subjected. 
Preliminary tests of this new accelerometer have given 
some very interesting results. These will be published as 
soon as complete tests have been made. 

The possibility of determining riding-qualities in the lab- 
oratory is being further investigated. It appears probable 
that for a certain chassis the vertical axle-movement is an 
indication of the riding-qualities for that chassis. Imme- 
diate future work will consist of an effort to correlate the 
methods developed and data secured to date.—R. W. Brown. 
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Oil-Flow through Crankshaft and 
Connecting-Rod Bearings 


By D. B. Brooks! ann 8. W. Sparrow? 











— paper is limited to a discussion of the factors 
governing flow of the lubricant through the crank- 
shaft and connecting-rod bearings. Apparatus for 
measuring the flow is described, and the fact that it 
permits measurement under operating conditions is 
emphasized. Results obtained by increasing main and 
connecting-rod bearing clearances are enumerated 
first. The paper then treats of the influence of engine- 
speed. Centrifugal force is shown to have a major 
influence on flow at high speeds, but it is pointed out 
that the magnitude of this influence can be controlled 


O be satisfactory, a lubricating system must sup- 

ply the proper quantity of lubricant to the rubbing 

surfaces. It is with this feature of lubrication, 
namely, the “transportation” of the lubricant, that this 
paper deals. If the amount of lubricant furnished is 
too much or too little, the engine itself is likely to dem- 
onstrate that fact in a convincing but often costly way. 
However, the engine’s demonstration does not tell how 
much is “too much” or “too little.’ To obtain this in- 
formation, measurements of flow are essential. 

Measurements quoted in this paper were obtained by 
supplying oil under a known pressure to the bearing or 
bearings under test and at the same time measuring 
volumetrically the amount of flow. To accomplish this, 
the apparatus shown in Fig. 1 was employed. This con- 
sisted of a tank constructed of 3 ft. of 4-in. pipe capped 
at each end and supplied with a gage-glass, filling pipe, 
pressure-gage, and suitable valves and piping for con- 
trolling the pressure of the compressed air which served 
to force the oil through 4-in. tubing to the engine under 
test. At the engine, a pressure-gage was attached to 
the feed-line to give the actual delivery pressure of the 
oil. When the oil-flow to but one bearing was being 
studied, the other bearings were fed in the normal man- 
ner, the oil-distributor pipe being blanked-off to the 
bearing under test. When the flow to all bearings was 
being measured the oil-pump was disconnected and the 
bearings were supplied directly from the metering tank. 
The gage-glass of the metering tank was graduated into 
equal calibrated sections, and measurements of oil-flow 
were made by noting with a stop-watch the time re- 
quired for the oil-level in the gage-glass to fall past one 
or more of these graduations. 

Preliminary tests showed that the oil-flow was the 
Same when the engine was being driven by the dyna- 
mometer as when it was operated under its own power. 
For convenience, therefore, most of the measurements 
reported herein were obtained under the former condi- 
tions. Several series of measurements were also obtained 
with the engine stationary and the crankshaft in various 
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Illustrated with DRAWINGS AND CHARTS 





to a considerable extent by the radial location of the 
oil-hole in the crankpin. 


The fact that the effect of changes in pressure dif- 
fers with differences in engine-speed and oil-flow is 
commented upon, and a possible explanation for this 
condition is advanced. 

Some results which at first appeared surprising were 
obtained in static tests in which the flow was measured 
at various crank-angles. The paper is concluded with 
a discussion of the probable explanation of these re- 
sults and their significance. 


angular positions. These measurements were made for 
the purpose of ascertaining the distribution of flow over 
the cycle and are referred to as “static” measurements. 
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Fic. 1—APPARATUS USED FOR VOLUMETRIC MEASUREMENT OF OIL- 


FLOW THROUGH BEARINGS 


The temperature of the oil in the engine and in the 
metering tank was brought to 70 deg. fahr. at the start 
of the test, and the temperature of the jacket water at 
the outlet was maintained at that value until the test 
was completed. Sufficient time was allowed to elapse 
between successive tests to permit the engine parts to 
cool to a temperature of approximately 100 deg. fahr. 

The original purpose of this work was to find the rela- 
tive amounts of oil supplied to the four bearings of an 
experimental engine. This information was obtained 
and, as a.result, the quantity of oil fed to one of these 
bearings was increased. Many of the data are of in- 
terest only in connection with the particular engine 
tested, but some of the data are of general interest and 
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Rear Main 
Bea ring 

Lower Half 

(Enlarged View) 





Section X-X 
(Enlarged View) 


Fic. 2—CRANKSHAFT OF THE ENGINE USED 


Locations of the Oil-Supply Holes and of the Oil-Groove of the 
Rear Main-Bearing Are Shown. Cross-Sections through the Crank- 
shaft at XX Are Shown Also 


it is this latter portion that is to be discussed. Before 
presenting this discussion, however, attention is called 
to the lubricating system of the engine. A drawing of 
the crankshaft is shown in Fig. 2. Oil is drawn from 
the sump to the pump and is then forced through an oil- 
distributing manifold to the four main bearings. The 
connecting-rod bearings are fed from the drilled crank- 
shaft, holes in the main crankshaft-journals registering 
with a circumferential groove in the main bearings for 
a portion of each revolution. The amount of registry of 
the various bearings is indicated in Fig. 3. It will be 
noted that No. 1 main bearing has a very long registry, 
due to the fact that it has a 210-deg. groove which sup- 
plies oil to the camshaft and to the timing-gear chain 
as well as to No. 1 connecting-rod bearing. Main bear- 
ings Nos. 2 and 3 each feed two connecting-rod bearings, 
whereas main bearing No. 4 feeds only a single rod. 


CHANGES IN BEARING CLEARANCE 


One item of interest shown in these tests is the effect 
of changes in bearing clearance. The changes in clear- 
ance which were made were as follows: The main-bear- 
ing diametral clearance was increased from 0.005 to 
0.010 in., the connecting-rod bearing diametral clearance 
was increased from 0.0030 to 0.0055 in., and the connect- 
ing-rod-bearing end-clearance was increased from 0.008 
to 0.020 in. Results are shown in Fig. 4. It should be 
noted that only one change was made at a time and that 
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Fic. 3—StTatTic OrL-FLOW FROM ALL BEARINGS 
The Chart Shows the Rate of Oil-Flow, Measured at Different 
Crank-Angles throughout the Cycle, and Also the Limits of Registry 
of the Connecting-Rod-Bearing Oil-Supply Holes 
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the original clearance was then restored before another 
change was made. Hence, in Fig. 4, the difference be- 
tween the upper and lower curves represents the in- 
crease in flow due solely to the increase in main-bearing 
clearance, and the difference between the lower curve 
and that immediately above it represents the increase in 
flow due solely to the increase in connecting-rod-bear- 
ing diametral-clearance. 


In this case, at least, increasing the connecting-rod- 


bearing end-clearance had practically no effect upon oil- ‘ 


flow. .This is not surprising considering that the orig- 
inal end-clearance of 0.008 in. was much greater than 
the diametral clearance of 0.003 in. It will be observed 
also that, in this particular engine, the increase in main- 
bearing clearance increased the flow much more than did 
the increase in connecting-rod-bearing clearance. One 
must remember, however, that the main bearing is sub- 
jected to the supply pressure continuously, whereas the 
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Fic. 4—EFrFrect OF BEARING CLEARANCE ON OIL-FLOW 
The Data Are for No. 4 Main Be aring of Engine 8F-109, the De- 


livery Pressure Being 57 Lb. per Sq. In. 


connecting-rod bearing is subjected to this pressure for 
only a small portion of each revolution. The connecting- 
rod bearing is, however, subjected continuously to the 
centrifugal pressure developed by the column of oil in 
the crank-arm. This pressure, as will be shown later, 
is fairly high at high speeds. With high speeds and low 
pressures applied to the line feeding the main bearing, 
the relative effect of increasing main-bearing and con- 
necting-rod-bearing clearances might be considerably 
different. 
EFFECT OF SPEED 


In considering the effect of speed upon rate of oil-flow 
to cunnecting-rod bearings, it must be borne in mind 
that the total time during which the oil-groove in the 
main bearing registers with the hole through which oil 
is supplied to the connecting-rod is independent of speed. 
For example, if engine-speed is doubled, there will be 
twice as many registries per minute, but the duration 
of each registry will be one-half as long. Nor should 
one forget that measurements of oil-flow include the 
flow to both main and connecting-rod bearings. There 
is, however, considerable justification for the belief that 
the major portion of the increase in flow with increase 
in speed represents increased flow through connecting- 
rod bearings. 

Another fact not to be overlooked is that, under the 
conditions of this test, the pressure forcing oil to the 
bearings was the same at all speeds. This is the con- 
dition which prevails in engines that have a pressure- 
relief valve of adequate capacity opening at a low engine- 
speed. In the absence of such a valve, the ordinary 
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gear-pump would give a supply pressure which would 
increase with speed. This would mean that the effect of 
speed would be even greater than is shown in Fig. 5. 

The flow through No. 4 main bearing, as shown in 
Fig. 5, is of greatest interest as this bearing supplies 
only one connecting-rod and a large proportion of the 
increase in flow with increase in speed would be ex- 
pected, therefore, to be due to the flow through the 
connecting-rod. The flow to No. 4 main bearing, when 
re-plotted on a logarithmic scale, shows that the flow 
above a small constant value of about 18 cc. per min. 
varies as the 2.4 power of the speed. 

If flow to the connecting-rod bearing were truly vis- 
cous and depended only on centrifugal pressure, the flow 
would vary as the square of the speed. Calculation of 
the pressure due to centrifugal force is given in the 
Appendix to this paper. It is there shown that, for this 
crankshaft, the centrifugal pressure at the surface of 
the connecting-rod bearing is 0.00000486 N’, where N 
is the number of revolutions per minute. One would 
hardly expect that the flow through the connecting-rod 
bearing would be in exact agreement with this square 
relationship, however, as a change in speed changes not 
only the temperatures of the shaft and the bearing but 
the crank angles at which the inertia forces become 
greater or less than explosion and compression pressures. 

Fig. 6 shows a comparison between the flow with the 
standard crankshaft and with a shaft having its oil- 
supply hole drilled to the inner side of the crankpin as 
shown in Fig. 7. The flow with this shaft increased 
with the 2.9 power of the speed but, as will be evident 
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Fic. 5—COMPARISON OF BEARINGS 


The Oil-Flow from Each Bearing of Engine 8F-109, Plotted against 
Speed, Is Indicated, the Delivery Pressure Being 57 Lb. per Sq. In. 
from Fig. 6, was much less at the higher speeds than 
that obtained with the standard shaft. The oil-flow 
values which are plotted represent total flow to main and 
connecting-rod bearings, but, inasmuch as the change in 
shafts should not have affected the flow through the 
main bearing, the difference represents the difference in 
flow to the connecting-rod bearing. That it is reasonable 
to expect a large difference in centrifugal force will be 
evident from a comparison of the calculated values given 
in Table 1. 

From a consideration of the two curves in Fig. 6 it 
will be evident that, by merely changing the location of 
the oil-discharge hole, a wide variation in the amount of 
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Fic. 6—VARIATION OF OIL-FLOW WITH SPEED 
The Oil-Flow to Rear Main-Bearing No. 4 and to No. 6 Connecting- 


Rod Bearing Is Indicated 
oil discharged at high speeds can be obtained. Whether 
such a change will affect the efficacy with which the oil 
is spread over the bearing should, of course, be given 
consideration. By varying oil-pump pressure in conjunc- 
tion with the radial location of the discharge hole to the 
connecting-rod bearing, almost any relation between 
speed and oil-flow should be obtainable. 

In connection with the very considerable influence of 
centrifugal force upon oil-flow, attention is called to the 
fact that a change in engine stroke might change flow 
characteristics to a marked extent, as the centrifugal 
force depends upon the crank radius, which is one-half 
the stroke. 


FLOW IN RELATION TO PRESSURE 


At low speeds, and particularly at low rates of oil-flow, 
the flow appears to be proportional to the pressure; at 
higher flow-rates, this is not always the case. Thus, in 
Fig. 8, at the highest speed, flow increases rapidly with 
pressure up to 60 lb. per sq. in. and thereafter increases 
only about as rapidly as it does at the lower speeds. 

A theory which appears to explain these facts satis- 
factorily is that, with higher speeds and low delivery- 
pressures, the tendency is to throw more oil from the 
drilled hole in the crank-cheek into the connecting-rod 
bearing than can be replaced during registry. Thus, in 
the case of the 2800-r.p.m. run illustrated in Fig. 8, as 
the pressure is increased from 30 to 60 Ib. per sq. in. it 
acts simply to force more oil into the drilled hole during 
registry, while above that pressure it replaces all the oil 





Fic. 7—SPECIAL CRANKSHAFT 


The Special Low-Head Crankshaft Shown Is Sectioned 
To Show the Shape of the Oil-Supply Hole 
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TABLE 1—CENTRIFUGAL PRESSURE IN POUNDS PER SQUARE 
INCH ABSOLUTE 


Speed, R.P.M. Standard Shaft 


Special Shaft 


a 0.00 0.00 
400 0.78 0.12 
800 3.06 0.46 

1,200 7.00 1.04 
1,600 12.50 1.85 
2,000 19.50 2.88 
2,400 28.10 4.16 
2,800 38.20 5.60 
3,200 49.80 7.40 
3,600 63.10 9.30 
4,000 11.50 


77.80 





thrown out of the hole before registry is terminated and 
then acts against the resistance to flow through the 
connecting-rod bearing as well. 

The curve at the upper right of Fig. 9 shows the non- 
registry flow which would occur if the connecting-rod- 
bearing resistance were nil and if the drilled hole could 
replace completely its oil supply during registry. Since 
the observed total flow at speeds of more than 1800 
r.p.m. is but a small fraction of this amount, it is evi- 
dent that the centrifugal pressure at the connecting-rod 
bearing is practically unchanged during the non-registry 
part of the revolution. On this assumption, and consid- 
ering the resistance to flow of the connecting-rod bear- 
ing to be the same as that obtained by static measure- 
ments, the curve at the lower right of Fig. 9 was com- 
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Fic. 8—VARIATION OF OIL-FLOW 
SPEEDS, MAIN BEARING No. 4 
It Is Evident from the Curves Shown That, at the Highest Speed, 


1ToO 80 90 100 


WITH PRESSURE AT DIFFERENT 


Flow Increases Rapidly up to 60 Lb. per Sq. In. and Thereafter 


Only about as Rapidly as at the Lower Speeds 
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puted. This curve gives the probable non-registry flow 
through the connecting-rod bearing due to centrifugal 
pressure. It will be observed that this curve is sub- 
stantially parallel with the lowest of the observation 
curves from 2000 to 2800 r.p.m. This fact constitutes 
a further check upon the theory stated previously. 

Reference already has been made to the “static” 
measurements of oil-flow which were obtained at various 
crank-angles with the engine stationary. Fig. 3 shows 
the variation in flow over a complete cycle, while Fig. 10 
shows the flow under similar conditions through No. 4 
main bearing only. Fig. 11 shows the position of the 
crankpin and the bearing at top dead-center, the clear- 
ance being exaggerated to show the sealing of the oil 
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Fic. 9—EFFECT OF PRESSURE ON RATE OF OIL-FLOW ‘TO No. 6 


CONNECTING-RoD BEARING ON ENGINE 8F-109 
The Chart Shows Variation of Oil-Flow with Speed and with 
Pressure, the Oil-Flow Required To Reduce Centrifugal Pressure 
to Atmospheric Pressure and the Probable Non-Registry Oil-Flow 


supply at dead-center and the restriction of the oil sup- 
ply during the entire registry. 

Figs. 3 and 10 were obtained with a rear bearing 
having a groove which extended only to one side of the 
oil-entrance hole rather than with the double-length 
groove used later and shown in Fig. 2. The feature of 
interest brought out by Fig. 10 is that no material in- 
crease in flow occurs until almost the end of the full- 
registry period. The reason for this condition will be 
clear from Fig. 12, which shows an exaggerated cross- 
section of a connecting-rod bearing and journal. Under 
static conditions, and also when the engine is operating 
at low speeds and high loads, the connecting-rod bearing 
is forced down against the shaft at top dead-center. As 
the crankshaft revolves, the oil-supply hole a moves away 
from the center of pressure, and the clearance area 
through which discharge can take place increases. At 
high speeds the inertia forces are greater than the 
forces due to the compression or explosion pressures, and 
upper dead-center will be a point of maximum rather 
than minimum clearance. With the oil fed to the inside 
of the crankpin, as shown in Fig. 7, the reverse condi- 
tion is true. 

The condition just discussed is probably of minor im- 
portance, for the chief function of registry is not to 
feed the connecting-rod bearing but to feed the oil-hole 
in the crankshaft which, in turn, feeds the connecting- 
rod bearing throughout the cycle. Under certain cir- 
cumstances, however, the flow during registry might be 
extremely important, and for that reason the results 
obtained in these “static” tests have been commented 
upon at some length. 

That. the information presented is fragmentary, is 
realized full well. It is believed, however, that it fur- 
nishes data not readily available elsewhere relative to 
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re Se i . SUT Ce ee ee eee 6 = Angle between the axis of the drilled hole in the 
" | | iz Limits of Registrs | A Bi EE EN crank-cheek and a perpendicular to the axis of 
> | | | the crankshaft 
> — = Oil-flow in cubic centimeters per minute 
‘s W = Weight of oil in the crank-cheek between the axis 
i of the crankshaft and the surface of the connect- 
. ing-rod bearing, in pounds 
t Then, from the fundamental formula 
3S F = We'r/g (1) 
| 52 Be 7 i re See eee 
240 280 320 0 40 80 120 160 AP sec® — [W/g] [ (2, N?/60) ] ((L re 1) /2] (2) 
Angle o¢ No.6 Crank from Dead Center, deg. Since 
Fic, 10—Stratic O1rL-FLOw W =12DA (L—l) sec 9 (3) 
The Oil-Flow to Rear Main-Bearing No. 4 and to the Connecting- P= [12 D/g) [ (27N?) /60] Ce | /2) (4) 
20¢ earings Is Indicated Oo Vv ous es fo E e , “f . " 
_en SF 109. Which ; Is Dentogne with — St vr ve re he = = 0.0000664 N* (L —l ) (5) 
‘ , . When 1= 0 
the influence of speed and pressure upon oil-flow, and P = 0.0000664 N?2L? (6) 
that it also presents a satisfactory method for measur- and, in the case under consideration, as L = 0.271, 
ing oil-flow to an individual bearing under operating P = 0.00000486 N? (7) 
conditions. 


APPENDIX 


CALCULATION OF CENTRIFUGAL PRESSURE ON OIL IN THE 
CRANK-CHEEK 
Let 


A = Area of the drilled hole in the crank-cheek, equal 
to 0.0491 sq. in. 


D = Density of oil, equal to 0.0325 lb. per cu. in. 

F = Centrifugal force on the oil in the crank-cheek 

g — 32.16 ft. per sec. per sec. 

l= Perpendicular distance from the axis of the 


crankshaft to the surface of the oil in the drilled 
hole in the crank-cheek. See Fig. 12 
LZ = Perpendicular distance from the axis of the 
crankshaft to the surface of the connecting-rod 
bearing, equal to 0.271 ft. See Fig. 12 
= Number of revolutions per minute 
P = Centrifugal pressure at the surface of the con- 
necting-rod bearing, in pounds per square inch 
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Fic. 11—PosITIon oF CRANKPIN AND BEARING AT TOP DBAD-CENTER 

The Amount of Clearance Is Exaggerated To Show the Sealing of 

the Oil Supply at Dead-Center and the Restriction of the Oil 
Supply during the Entire Registry 







Crankpin 


é O//~Leve/- 
Axis of Crankshaft 





Surface of Bearing 





Fic, 12—EXAGGERATED CROSS-SECTION OF A CONNECTING-RopD 
BEARING AND JOURNAL 
The Drawing Illustrates the Calculation of Centrifugal Pressure 


If a perfect seal is obtained, that is, if no air gets 
into the drilled oil-hole, then a back-pressure is de- 
veloped, due to the column of oil between the axis of the 
crankshaft and the main-bearing surface, which can be 
calculated from equation (6). However, if air does get 
into this hole, as seems probable, the expansion of the 
air nearly annuls the back-pressure, which, however, is 
still active in retarding oil-flow during registry. In this 
latter case the developed pressure at the crankpin due 
to centrifugal force approaches the value given by equa- 
tion (6). 

At speeds such that centrifugal pressure is great 
enough to create a vacuum in the drilled hole and cause 
non-registry flow with resultant loss of head I, the neces- 
sary flow to reduce pressure at the crankpin to atmos- 
pheric pressure, that is, to equal the maximum possible 
flow with a perfect seal, can be determined from equa- 
tion (4), as follows: 


r = L?— (10° P/664 N*) (8) 
Since P = 14.7 
l= (L/N) V [N’— (3.02 x 10°) ] (9) 
and 
V=16.4 x 12l1ANsec 9 (10) 
= 3.13 V [N*— (3.02 x 10°)] (11) 


Also, from equation (9), 1 = 0 when N = 1738 r.p.m., 
the speed at which centrifugal pressure at the crankpin 
equals atmospheric pressure. 
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THE DISCUSSION 


D. P. BARNARD 4TH*:—Has Mr. Brooks made any at- 
tempt to correlate his observations by the method we 
used several years ago? We tried a simple bearing run- 
ning without any of the complications of a bearing in 
an internal-combustion engine. We found that we could 
regard that bearing as a pump, the flow through which 
was governed by the pressure developed in the oil-film 
itself, to which was superimposed any oil-feed pressure 
which might happen to be in the line. That was a very 
convenient way of correlating our data. 

D. B. BRooks:—We have not been able to do that be- 
cause our measurements include the flow to both the 
main and the connecting-rod bearings. Under operating 
conditions, it would be very difficult to separate the rela- 
tive amounts of flow through the main and the connect- 
ing-rod bearings. One or two points seem to be contrary 
to general theory. The two curves in Fig. 6 show no 
point of change in curvature, which would be expected, 
due to the fact that at the higher speeds the inertia is 
greater than the compression and explosion pressures. 
For the conditions under which we were operating, the 
inertia force at top dead-center, which was greatest, 
should exceed the compression pressure at about 1600 
r.p.m. The center of pressure in the oil-film therefore 
begins to shift at about 1600 r.p.m. and some such 
change would be expected, but the curve is perfectly 
true up to about 3000 r.p.m. 

S. W. SPARROW :—In that connection, some work was 
done at the Bureau of Standards some time ago relative 
to the study of oil-flow through an aviation engine. One 
of the elements investigated consisted of a plain journal- 
bearing. My observation is that the results checked very 
well with Mr. Barnard’s results. 

Mr. BARNARD:—What called my attention to it was 
that the formula which Mr. Brooks gave was about 
what one might expect within reason from the methods 
we used some time ago; that is, if the load is considered 
as increasing as the square of the speed, the pumping 
tendency increasing directly as the speed, and the volu- 
metric efficiency of the pump dropping off somewhat 
with the speed, the oil-flow should be proportionate to 
something between the second or third power of the 
speed. 

CHAIRMAN H. L. HORNING*:—Does not the paper rep- 
resent a report of progress rather than an attempt to 
draw any too certain conclusions? 

Mr. Brooks:—The paper was formulated simply to 
give such information as we had obtained with regard 
to the effect of speed and pressure on oil-flow, and to 
describe the method which gave satisfactory results in 
measuring the oil-flow to an individual bearing. The 
formula for pressure at the surface of the crankpin, 
due to centrifugal force, is computed purely on a mathe- 
matical basis; it is not an empirical formula, but the 
formulas for variation of oil-flow with speed are em- 
pirical. 

Mr. SPARROW :—The comparison was shown with the 
high-head and low-head crankshaft. The difference as 
shown is the actual difference which must be due to the 
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centrifugal force of the action alone, so far as the bear- 
ing is concerned, because the bearing was the same. 


FLOODING OF CYLINDERS WITH OIL 


CHAIRMAN HORNING:—Where does the oil come from 
that floods the cylinder? A general belief exists that the 
crank-cheeks pick up the overflow from the main bear- 
ings and let it out. In some cases under our observation 
something like three or four times as much oil from the 
main bearings was thrown into the cylinders as from 
the connecting-rod bearings. 

E. S. MARKS’ :—We have had success in putting a hole 
in the connecting-rod itself. We know where a large 
amount of the oil on the cylinder-wall comes from. 

CHAIRMAN HORNING:—On which side of the connect- 
ing-rod is the hole? 

Mr. MARKS:—It is on the left side when looking 
toward the engine from the front. 

CHAIRMAN HORNING:—Then it is on the trailing side. 

RALPH R. TEETOR’:—In an experiment we made in 
connection with oil consumption past the piston-rings 
in a well-known engine we plugged the holes in the 
connecting-rod and could detect no difference in the oil 
consumption in the combustion-chamber; so we were un- 
able to determine whether the holes delivered any more 
oil to the cylinders. According to the quantity of oil 
that passed the piston-rings, there was no difference 
with holes or without. The holes were “<illed on the 
same side as mentioned by the previous speaker. 

LEE W. OLDFIELD’:—I have been experimenting with 
a popular make of engine that has holes drilled in both 
sides of the connecting-rod. I have increased them from 
1/16 to 5/32-in. diameter without any apparent differ- 
ence in either the oil consumption or the operation of 
the engine. I do not find that the holes do much good. 
I have not plugged the holes yet but am on the point of 
doing so. 





PRESSURES IN THE OIL-FILM 





CHAIRMAN HORNING:—I have seen it stated that, at 
certain speeds and with certain viscous oils, pressures 
amounting to 10,000 lb. per sq. in. are developed in an 
oil-film. What information is available on the way in 
which pressure accumulates in that wedge which occurs 
in all bearings, that is, on the eccentric surfaces made 
by the journal and its bearings? 

Mr. BARNARD:—In one of the bulletins of the Kings- 
bury Machine Works, describing its bearings, mention 
is made of the results of some tests on an experimental 
bearing in which the bearings carried a load of upward 
of 8000 lb. per sq. in. without rupturing the oil-film. 
That load was sufficient to cause the babbitt of the bear- 
ing shoes to squeeze out beyond the edge of the shoe; 
and yet at no time was there evidence of scoring or 
scratching nor did the bearing performance indicate 
that there was*any metal contact whatever. 

Under the average load of 8000 lb. per sq. in., no doubt 
exists that somewhere in that bearing-block the oil-film 
pressure was at least two or three times that intensity. 

CHAIRMAN HORNING:—Where wedges like that de- 
velop in a bearing some very high pressures are natural. 

Dr. H. C. DICKINSON':—The maximum pressure in a 
journal bearing may readily reach five times the aver- 
age pressure. 

QUESTION :—Were any runs made with the connecting- 
rods removed? 

Mr. Brooks:—No. 

CHAIRMAN HORNING:—What would result from block- 
ing-off the holes? 
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Mr. SPARROW :—If the holes were blocked-off, the re- 
sult probably would be fairly comparable with those that 
Mr. Barnard reported several years ago. This particu- 
lar study was undertaken primarily to find out why one 
connecting-rod bearing did not get as much oil as we 
thought it should get, and did not include the study of 
the main bearing by itself. 


EFFECTS OF OIL-GROOVES 


CHAIRMAN HORNING:—What has been the experience 
with no grooves in the connecting-rod bearing? 

Mr. SPARROW :—Nothing was done in this test with 
reference to oil-grooves. Some experiments were made 
at the Bureau of Standards with bearings in which the 
presence or absence of the lubricating film was shown by 
an electric light, the circuit of which was broken by the 
film. That is a more or less qualitative method but, 
under certain conditions, there was a continuous light 
and, under other conditions, no light and a considerable 
region in between where intermittent flashes occurred. 
A number of bearings were tested under such conditions 
as regards speed and load that there was no light, prov- 
ing that there was a complete oil-film. Each of those 
bearings was then grooved in one way or another and, 
under those same conditions, they showed continuous 
light, indicating bearing all the time and proving that 
the groove did destroy the oil-film. In making a state- 
ment of this kind, however, the fact should not be over- 
looked that there may be a need for some type of groove 
to take care of the dirt which comes through the bearing; 
that is, something of the kind may be needed to permit a 
sort of flushing action. With a crankpin which is drilled 
with a large axial hole and a small hole at right angles to 
it for feeding the connecting-rod bearing, I think every- 
one has had the experience that when the plugs are taken 
out from the end a considerable accumulation of foreign 
matter is found. Some of the dirt must go through the 
bearing, and it is entirely reasonable that some channel 
to take this dirt out directly would be advantageous. 

CHAIRMAN HORNING:—It is important to note that, 
without oil-grooves, it is possible to get complete lubrica- 
tion in these tests and, under the same conditions with 
oil-grooves installed, the lubrication is intermittent. The 
other point Mr. Sparrow makes is that the groove may 
afford great advantage in getting dirt out. We had 
trouble with a camshaft front-bearing having 0.0015-in. 
clearance. Remembering the direction of flow as indi- 
cated in the glass journal with which Mr. Barnard ex- 
perimented, we made a groove and then were able to feed 
dirt into that bearing and throw it out again without 
any difficulty. 

Mr. BARNARD :—Occasionally a bearing in an internal- 
combustion engine depends entirely for its oil supply on 
the oil-flow from the supply tube and does not receive oil 
from the ends of the bearing. Consider, for instance, a 
bearing 2 in. indiameter. There is about 1 ft. of clearance 
space open at the ends for oil to get out. If no oil-groove 
is present, there may be only about 34 in. or possibly 1 in. 
of clearance space at the perimeter of the oil-hole for 
oil to get in. We think it may be better to put an oil- 
groove in a bearing to supply area for oil entry which 
is at least comparable to the effective area available for 
oil escape, on the theory that it is better to build-up an 
oil-film and destroy part of it than not to supply sufficient 
oil to build-up the film at all. 

CHAIRMAN HoRNING:—Has anyone a practical sug- 
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gestion as to a successful attempt in using a bearing that 
has no oil-groove? 

A MEMBER:—The Rickenbacker Big 8 has a groove 
milled in the shaft. There is a longitudinal groove along 
the crankpins which acts as a spreader to get the oil 
out along the bearing. An end-mill cut is taken along 
the crankpins such that a section of the pins becomes a 
circle with a portion of a segment removed. The inter- 
section of the chord of the segmental portion removed 
and the are representing the bearing surface is on the 
trailing side, as I recall. 

W. R. STRICKLAND’ :—Discussion with regard to plain 
bearings should carry a factor for production, especially 
on new jobs. It is difficult to get the oil into the bear- 
ings when first fitted-up if no oil-grooves are provided. 
Further, after an engine has stood a long time the oil 
runs out of the bearings and, when the engine is started, 
an immediate supply of oil to the bearings is needed; 
oil-grooves are often installed for this purpose that are 
not necessary after the engine gets under way and the 
regular supply of oil reaches them. 

CHAIRMAN HORNING:—During the war when we were 
designing the Class-B motor-truck engine we decided to 
use a force-feed system of lubrication and then the 
question came up as to what oil pressure should be used. 
Pressures from ¥% Ib. up to 100 lb. per sq. in. were ad- 
vocated and therefore we thought there must be some 
common factor. We came to the conclusion that no mat- 
ter what their oil pressures were, all the engines using 
force-feed lubrication required about the same amount of 
oil per minute; in other words, the common factor was 
about 2% gal. per min. past the bearings in a four- 
cylinder engine. The difference between the engine hav- 
ing a pressure of 1% lb. and those having a pressure of 
100 lb. per sq. in. was due merely to differences in the 
oil-grooves. The engine with a pressure of % lb. per sq. 
in. had a bearing that was all oil-groove, and the one with 
a pressure of 100 lb. per sq. in. had hardly any oil-groove; 
so, by determining the common factor and utilizing it, 
we developed a successful engine. If any one subject 
should head the list of requirements for practical engine 
designing, lubrication is that subject. 


EFFECTS OF OVER-OILING 


A MEMBER :—What has been the experience with over- 
lubrication resulting from pressure feed to the wristpins 
of an engine? In 1917 we had a Buda motor-truck en- 
gine which had pressure-feed lubrication to the wristpins 
and we never were able to obviate smoking cylinders 
until we closed the tube leading up the connecting-rod. 
No serious wear on the wristpins resulted, owing to the 
fact that the rod had on its top a spot-faced hole which 
allowed the oil to drip down into the top of the rod. 
That cured the oil-smoking trouble. 

CHAIRMAN HORNING:—The tube running up the con- 
necting-rod on the Buda engine was a device imposed 
by the War Department to assure adequate lubrication 
at the front in the war. It has been conceded generally 
that very good results can be obtained by taking oil from 
inside the crankcase, or taking some oil off the cylinder- 
wall. With the piston-rings that are in use at present, 
I think there is very little difficulty due to over-oiling. 
On the other hand, I agree with the remark made pre- 
viously that it is better to over-oil and wipe the oil off 
than to under-oil. 

Dr. DICKINSON :—Chairman Horning has made the 
point about the importance of the oiling problem, and 
there is no question about it. Still, there is a rather 
amusing phase of the whole discussion to which I would 
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like to call attention. One very successful engine with 
which I had to deal years ago ran very well with 4 drops 
of oil per min. to each journal. Another engine required 
2% gal of oil. This is a wide difference between success- 
ful engines. Chairman Horning mentioned oil pressures 
all the way from 1% to 100 lb. per sq. in. There is room 
for plenty of work on the lubrication problem to see 
if we can determine some common factor which will serve 
to correlate such extreme discrepancies between the oil- 
ing systems of successful engines. 

CHAIRMAN HORNING:—lllustrating the extreme impor- 
tance of oil, an engine used on certain motorcoaches ran 
50,000 miles without having the bearings tightened. 
Then the company adopted a very effective air-cleaner 
and the engine ran 100,000 miles. Later, an oil-cleaner 
was adopted and the mileage increased to 150,000 miles. 
The company also uses a large-capacity oil-pump. In 
heavy-motorcoach service many failures have occurred 
by there not being enough oil delivered to the bearings 
at the higher speeds, or because some bearing is getting 
too much and some bearing is not getting enough. Many 
four-cylinder engines formerly had their camshafts lubri- 
cated by the splash system. If with the same oil-pumps 
oil is fed to the camshafts, a reduced quantity reaches 
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the main bearings. With a four-cylinder engine, having 
main rods and three camshaft-bearings, there are 10 
outlets altogether. Adding the idler-gear bearing to be 
lubricated makes 11 outlets. In the six-cylinder engine 
there were 19 outlets. Many of the early failures in 
engines were due to adding outlets and retaining the 
same size of oil-pump. 

Mr. OLDFIELD:—An engine having drip-feed lubrica- 
tion was very successful in motor-trucks abroad; it ran 
an average of 125,000 miles between overhauls. 

CHAIRMAN HORNING:—That was the Albion engine, 
used during the war by the British War Department. 
The Department published a series of observations on 
these engines after certain periods of service. The AI- 
bion engine had a very intricate system of feeding oil 
one drop at a time or a certain number of drops per 
minute. The engine had about a 414-in. bore and about 
a 5-in. stroke. The diameter of the connecting-rod bear- 
ing was 1% in., which we would think insufficient in 
these days, yet the Albion engine had the best record in 
the British Army. Its lubricating system provided clean 
oil, having no dilution and no dirt in it. That engine, 
with that exceedingly small shaft, showed less wear than 
many shafts having 2%4-in. diameter and ample length. 





THE MISSISSIPPI FLOOD 


\ 7HILE the Mississippi draims four-tenths of the entire 

continental area of the United States, the location of 
the river is primarily what makes it peculiarly subject to 
overflow. In the spring a series of storms moving from 
the southwest over the lower Mississippi drainage area and 
northeast over the Ohio is an ordinary feature of the climate 
of the United States. When the precipitation over the Ohio 
Valley is heavier than usual and the run-off is poured into 
the already swollen river at Cairo, IIll., the lower river quickly 
rises above its natural banks. 

Of the three great northern divisions of the Mississippi 
drainage basin, the Ohio, the upper Mississippi and the 
Missouri, the Ohio is the most important from the viewpoint 
of flood control. The 200,000 sq. miles that the Ohio River 
drains is only four-tenths of the area drained by the Mis- 
souri, but the rainfall over its basin is heavy and the per- 
centage of this which reaches the river very high. The vol- 
ume of water poured into the Mississippi River by the Ohio 
at high water is ordinarily much greater than that received 
from either of the other two. The Missouri flows down from 
an area in which rainfall is comparatively limited and the 
loss by evaporation is large. The banks are soft, but the 
flood waters are in general confined by high bluffs lying 
from 1 to 2 miles apart. The Mississippi along its northern 
reaches is likewise shaped by bluffs and its flow is stabilized 
by the action of lakes and swamps. 

A short distance south of the mouth of the Ohio the Mis- 
sissippi River has cut its bed through a spur of the Ozark 
Mountains. From this crooked channel it emerges at Com- 
merce, Mo., and thence makes its way through a vast extent 
of flat alluvial lands to the Gulf. The bordering hills which 
mark the former flood channel of the river are about 50 miles 
apart and nearly 30,000 sq. miles or 19,000,000 acres of land 
is comprised in the area. The reclamation of this territory 
from the river by artificial banks or levees dates back to the 


plan submitted by De la Tour for New Orleans in 1717. Not 
much had been accomplished when the project was disor- 
ganized by the coming of the Civil War and as late as 1880 
the river still claimed most of its 50-mile bed during the 
flood season. Since that time construction has progressed 
until the levee line measured 1834 miles in 1926. As the 
system was extended the older levees naturally had to be 
raised gradually as the height of the river in the narrowing 
channel increased. The Army engineers reported 1 year ago 
that the work of bringing the levees to a height sufficient to 
give assurance against overflow under the worst conditions 
hitherto experienced was within 10 per cent of completion. 

The Chief of Engineers, United States Army, reported in 
1926 that the total expenditure in levee protection since the 
Federal Government became interested in the project in 1882, 
for an area covering nearly 17,000,000 acres had been $229,- 
000,000, of which $68,000,000 had been expended by the 
Federal Government. The amount expended by the State 
of Louisiana from 1866 to 1882 had been a little over 
$12,000,000. 

About 1250 miles of the levee system was reported last 
year to be up to the grade specified by the Mississippi River 
Commission. As a comment on the possibilities of the system 
it is maintained by the Army engineers that a break in a 
levee built completely according to Commission specifications 
has never been experienced. Water has run over the tops 
of such levees this year, however, and it seems clear that 
they must be much higher if the relief afforded by crevasses 
this season is not to be counted on regularly. 

The preservation of a broad section of this Country, ap- 
proached in fertility only by the Valley of the Nile, presents 
a large problem. Each flood recurrence emphasizes the 
economic importance of this region as an indispensable source 
of long-staple cotton and other materials. The assistance of 
the Federal Government is essential.—Commerce Monthly. 
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ANNUAL MEETING PAPER 





"T‘HE author enumerates and describes various inter- 

related movements of the front end of the car that 
are commonly known as automobile shimmy. A long 
list is given of experiments made in an attempt to 
correct the trouble. These did not produce consistent 
results but showed that caster angle acts as a consid- 
erable influence, while the influence of camber and 
toe-in seems to be more on tire wear than on shimmy. 
Lubrication of springs and conditions affecting the 
free motion of the steering pivots have some influence 
but the author sees imperfections in the tires as fun- 
damental causes. The nature of the road is also im- 
portant, particularly of concrete roads having regu- 
larly spaced depressions at joints. 

Some of the tire imperfections are described and 
blame is placed on the tire makers for being less thor- 
ough in their methods of testing and inspection than 
are car manufacturers. 

A number of shimmy causes are analyzed quantita- 
tively and shown in curves that are arranged to indi- 
cate how shimmy is caused when these forces are 


enon in a motor-car. A possible reason is that in 

most experiments unobserved factors had a greater 
influence than the improvement under test. Study of 
the action of some car parts producing shimmy ten- 
dencies discloses forces so great that the mysteries about 
shimmy are that it is confined to such narrow limits and 
such small amplitude; or even that the car stays on the 
road at all. Fortunately, we have in the car inherent 
dampening-factors neutralizing these forces, and it is in 
the reduction of the shimmy forces and increasing the 
dampening factors that we find our relief. 


Geen has been considered a mysterious phenom- 


WHAT Is SHIMMY? 


Shimmy consists of various movements of the front 
end of the car, and the conditions complained of are as 
follows: 

(1) Kick-back or wheel-fight 

(2) Tramp and gallop 

(3) Incipient shimmy 

(4) Violent shimmy 


All of these are to a certain extent related. Kick- 
back begins at low speeds and is started by rough and 
choppy pavements or badly worn gravel roads. It is 
usually complained of as beginning at 20 m.p.h. and 
continuing through the higher speeds, where it seems 
to become a part of the shimmy movement. The chief 
objection is that the kick-back in the steering-wheel 
makes the wheel hard to hold if the steering-gear is not 
irreversible. 

Tramp and gallop come in at higher speeds, approxi- 
mately 45 m.p.h., and are slow movements, swinging or 
vertical, noticed at the front fenders. 

Incipient shimmy often comes in at about this same 
speed and is noticed by the driver as a side movement of 


1M.S.A.E. — Consulting engineer, Studebaker Corporation of 
America, South Bend, Ind. 


as a Cause of Shimmy 
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synchronized. The author expresses the opinion that 
tire makers should try more diligently to eliminate 
causes of shimmy within the tires, rather than to sug- 
gest that the car manufacturers supply dampening 
elements to counteract their results. 

In the discussion, several representatives of tire 
manufacturers take the opposite ground, describe some 
of their tests and experiments and state that tires are 
manufactured with a very high degree of accuracy 
considering that they are made from plastic material. 

The importance of caster angle was emphasized by 
manufacturers of axle gages, who said that this angle 
varies in different car models and is not always kept 
accurate in manufacture. This item, they said, should 
be checked by the dealer when the car is delivered and 
the car owner should have it checked frequently. 

The great effect of gyroscopic action as a factor in 
shimmy was mentioned and demonstrated by a model 
that showed the sidewise turning of the pivoted road- 
wheel resulting from gyroscopic action when the axle 
end is raised or lowered. 


the radiator cap. It may be accompanied by kick-back 
or wheel-fight at the steering-gear. This incipient 
shimmy, however, does not stay in the car but comes in 
and goes out at intervals. 

Violent shimmy is similar to incipient shimmy except 
that it usually comes in at speeds of 50 to 60 m.p.h. or 
more and is so violent that the period cannot be driven 
through. The doors shake open, the radiator cap seems 
to move from side to side as much as 4 in., and three caps 
seem to exist instead of one. 


LOOKING FOR THE ETHIOPIAN 


In the study of shimmy the Studebaker research de- 
partment has conducted a great number of tests. The 
design features and conditions tried in some of them 
were as follows: 


(1) Vertical pivot at center of wheel 

(2) Axles and wheels with off-sets up to 5 1/16 in. 
(3) Pivot inclined up to 6 deg. 

(4) Spring steering-gear connecting-rod 

(5) Spring steering-knuckle tie-rod 

(6) Rubber connecting-rod 

(7) Rubber tie-rod 

(8) All principal makes of steering-gear 
(9) Heavily loaded steering-wheel 

(10) Various steering-arm and ball locations 
(11) Reversed spring-shackling 

(12} Changed front-spring-shackle location 
(13) Variations in camber, caster and toe-in 
(14) Blocking axle to frame 

(15) Heavy tubular cross-members 

(16) Damper spring working in oil 

(17) Heavy radiator-support cross-member 
(18) Heavy engine-support cross-member 
(19) Various spring-brackets 

(20) Four and six-ply tires 

(21) Ribbed and non-skid tires 

(22) Axle I-beam section unusually rigid 


(23) Different types, mountings and locations of snub- 
bers 
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Fic. 1—WHEEL WITH EXCESSIVE CAMBER 
As Radius a Is Less than Radius b, the Correspond- 
ing Circumference Is Less and the Wheel Tends To 
Run in a Circle 


(24) Various front-spring deflection-rates from 580 to 
250 lb. per in. 


(25) Changes in thickness and number of front-spring 
leaves 

(26) Center of gravity changed vertically and longi- 
tudinally 

(27) Variable passenger-loads 

(28) Influence of concrete and ice 


These tests did not produce consistent results, but 
from them the following inferences were drawn: 

The chief influence of a caster angle within reason 
is on turning-effort and the righting of the car after it 
has been turned. This caster angle should be between 1 
and 2 deg., with the top of the axle tipped to the rear. 
When so set, there will be a slight tendency for the car 
to straighten itself out after the wheels have been turned 
to go around a corner, if the steering elements are free, 
and at the same time it will not be difficult to make a 
turn. Should the top of the axle tip forward, there will 
be a tendency for the car to turn, and the driver will have 
to make a constant effort to keep the car in a straight- 
ahead course. Should the axle be tipped to the rear more 
than 2 deg., an extra effort is necessary to make a turn. 


ToE-IN AND CAMBER AFFECT TIRE WEAR 


Camber seems to have its chief influence on tire wear. 
Conditions that cause this wear or shear contribute to 
wheel wabble and shimmy. Concrete roads at present 
are built with cambers of 1/10 to % in. per ft., and the 
tendency to wear the tires will be least when the plane 
of the wheel is at right angles to the road contour. 
Should one wheel be at a greater angle to the road than 
the other, there will be a constant tendency for this wheel 
to turn to one side, making the car uncomfortable to 
drive. Fig. 1 shows the radii of circles representing the 
difference in the distances two portions of the tread of 
the tire tend to travel when the camber is excessive. 
There is a possible influence on shimmy when this cam- 
ber is not uniformly or correctly set, because it adds 
to the general instability of the car. 

Toe-in is another factor of importance adding to the 
tire wear and to a certain extent to the instability of the 
front end. The wheels should be set as nearly straight 
ahead as is possible under driving conditions, considering 
all tendencies of the steering-knuckle and bearing to be 
loose and the direction of the forces when driving. The 
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adjustment usually recommended by tire manufacturers 
is from straight ahead to 1.-in. toe-in, which amount 
seems not to add materially to the tire wear. With im- 
proper toe-in and camber there is also a very definite loss 
of power, proportional to the amount of departure from 
the correct dimensions. 

The most interesting development we have noted in 
connection with the setting of caster, camber and toe-in 
has been by the Prather Mfg. Co., of Santa Cruz, Cal, 
This firm is producing a wheel-aligning machine which 
combined with apparatus for setting caster and camber, 
seems to give a correction for all three elements, as well 
as an indication of the possible action of the car when 
on the road. This apparatus consists of two rotating 
drums on which the front wheels of the car are placed. 
One drum is pivoted under the wheel until there is no 
friction or slippage of the tire on the drum. Indicators 
are attached on this drum to show the amount of correc- 
tion necessary on the wheel. Also, the drum can be 
speeded up so that wheel run-out and improper balance 
can be detected on the stand and the necessary corrections 


made without inconvenient and indefinite testing of the 
car on the road. 


TIRES CONTRIBUTE FUNDAMENTAL CAUSE 


Other factors influencing shimmy, as developed by our 
tests, are unsprung weight at front axle; spring lubrica- 
tion; spring-bushing bind; tightness of shackles; the 
various periods of the springs and the period of the 
mass which a spring supports, including the frame, 
radiator, and engine. The fundamental items, however, 


in connection with shimmy are in the tire. Some of these 
are: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


Deflection rate of tire 
Balance 

Air-pressure 

Radial run-out 

Side run-out 

Uniformity of tread thickness 
Internal friction in tire 


One Revolution 








Tread 
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Fig. 2—CuRVES OF Forces CAUSING SHIMMY 
These Curves Show the Magnitude 
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Fic. 3—LONGITUDINAL SECTION OF TIRE 


Overlap of Breaker-Strip Is Indicated at A and Overlap of Fabric at B. Both of These and the Overlap 
of the Tread Occurred within About 6 In. in This Case 


At present the best balance-tolerance we are able to 
secure in the casing from the tire manufacturer is 60 
in-oz. out-of-balance. The tube is manufactured with 
approximately 30 in-oz. out-of-balance from the valve. 
The heavy part of the casing is located and marked with 
a red square and the valve is located in the casing to 
counterbalance the heavy side. We have worked with 
the tire manufacturers approximately 3 years, and they 
have had considerable difficulty in eventually producing 
this degree of accuracy. Further improvement in this 
direction does not seem to be in sight at present. Wheel 
balance is usually held to 8 in-oz., but no attention has 
been paid to dynamic balance of wheel or to balance of 
the rim and the ring where the latter is used. At the 
top of Fig. 2 is a curve showing the vertical component 
of the force resulting from this unbalanced condition 
on the front axle. Dynamic unbalance is represented by 
the second curve. 


EVALUATION OF CAUSES 


Radial run-out of the tire is another factor somewhat 
beyond our control as the wheel manufacturer requires 
at least 1/16-in. tolerance and tires vary up to 3/16 in., 
making a total possible run-out of 4% in. The force re- 
sulting from this run-out is represented by the third 
curve in Fig. 2, marked Tread Irregularity. 

Fig. 3 represents a longitudinal section of a tire show- 
ing the overlaps of the fabric A and the breaker-strip B. 
Both of these and the overlap of the tread occurred 
within 6 in. in this particular tire, throwing the major 
portion of the unbalance to this point. If rotated in free 
air the wheel could be counterbalanced to offset the 
centrifugal action at this point in the tread; however, 
because the tire is in contact with the ground for 190 to 
12 in., the effect of this heavy point is removed from 
the centrifugal forces of the wheel once during each 
wheel revolution. The result is a reacting force at the 
opposite side of the wheel, the influence of which is 
represented in Fig. 2 by the curve of impact. The double 
curve near the bottom of Fig. 2 represents forces due 
to major and minor periods of the mass supported on 
the tires and the springs. 

On examining roads which are regarded as shimmy 
roads, we find that they have regular depressions depend- 
ing largely on the type and spacing of the joints. Be- 
tween the joints are other regular depressions which 
we find measure as much as 54 in. deep on representative 
roads, although the principal variations from the level 
are not more than 7/16 in. The curve of road irregulari- 
ty, Fig. 2, shows the contour of a road that our car 
owners and dealers have found induces shimmy when 
conditions in the car are such as to allow it. 


It has been found that correcting some one of these 
elements will often eliminate shimmy. This is apparent- 
ly because the change has broken up the synchronism 
of the various forces described. Attempting to make the 
same correction which was a remedy in the one car on 
the next car, shimmy is made considerably worse. Possi- 
bly this is because the correction permitted the synchron- 
ism of other errors in the second car. It is because 
of these variables existing in the wheels and tires that 
the tire manufacturer often supplies us with samples of 
tires which he has tested thoroughly and found satis- 
factory, and later, on other cars and under slightly 
different conditions, these tires do not perform satis- 
factorily. 


INFLUENCE OF VARIATIONS 


Variation of tire inflation seems to cause variation in 
the cyclic action of the two sides of the car. If one 
tire is inflated to a lower pressure than the other the 
shimmy cycle of the car is changed considerably. An- 
other influence is the variable force necessary to flex 
the various portions in the casing. Possibly the mathe- 
matical analysis of some of the forces is beyond our 
capacity for solution. The curves are diagrammatic 
and represent only a part of the total forces to be con- 
sidered. 

Combining the curves shown in Fig. 2, we have definite 
forces of varying intensity, acting at regular intervals 
and creating nodes such as are found to be very general 
in our observation on this subject. Fig. 4 is a curve 
summing up these forces. Our preliminary analysis 
indicates they are great enough to just about lift the 
tire off the road. The curve shows one cycle or peak in 
every seven revolutions in this case, influenced mainly by 
road irregularities. Similar cycles are produced by the 
opposite sides of the car working against each other, 
their periods depending on the uniformity of the pres- 
sure in the front tires. 

From the above it is evident that the tire manufac- 
turers, who have in addition to supplying us with balloon 
tires given us shimmy, do not seem to have made suffi- 
ciently accurate and definite tests. The initial cost of 
the tire equipment of a car is approximately half the 
cost of the engine, and during the life of the car the 
cost of the tires is considerably more than that of the 
engine. The motor-car engineer has very definite means 
for testing and recording phenomena in connection with 
motor-car performance, including power, torque, econ- 
omy, frictional losses, wear, engine balance, and vibra- 
tion, and there is a general distribution of the resulting 
information. In connection with tires, which we con- 
sider an element of fully as great importance as engines, 
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One Revolution 


Fic. 4—SUMMATION CURVE OF SHIMMY FORCES 
This Curve Is Made by Combining the Curves of Fig. 2. 
Highest Points at Each Seventh Revolution Correspond 
Case to Joints in the Concrete Road 


The 
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there seems to be no definite system or method of testing 
for tire life as influenced by vulcanizing, fabric, com- 
pound and other factors, or for shimmy as influenced by 
the various elements which create the troub!e. The only 
test-means of which we have knowledge that is used by 
the tire manufacturer is the motor-car itself, which is 
entirely inadequate for a reasonable test, just as the 
test of an engine would be inadequate if conducted only 
in a motor-car. Also, the tires supplied for test do not 
represent those supplied for production. 


TIRE PRESSURES 


It was only after the most persistent efforts on the 
part of the Studebaker car-engineers that it was agreed 
that assembled-tire balance could be maintained to as 
close an accuracy as 30 in-oz. This was established sev- 
eral years ago and we know of no improvement made 
since by the tire manufacturer to reduce this unbalance 
or other defects. 

Another consideration is the question of tire pressure. 
Some years ago, when Studebaker first used balloon tires, 
the tire companies insisted that these be inflated to not 
more than 28 lb. It was a long up-hill fight to get this 
pressure up to 38 lb. and we have not yet succeeded in 
getting a reasonable variation from this pressure al- 
lowed by the tire manufacturer. 

Where a tire pressure of 35 lb. is specified, the follow- 
ing variations are likely to occur: A pressure-gage will 
vary up to 3 lb.; atmospheric temperature variations 
during the day will change the tire pressure 2 lb.; leak- 
age per day through the valves, permeability of tubes, 
adsorption of air, and the like often amount to about 1 
lb.; and driving the car and warming up the tire changes 
the tire pressure sti!l another 3 lb. These make possi- 
ble a total pressure-variation of 10 lb. from causes be- 
yond the owner’s control. Yet, where a complaint of 
shimmy is referred tothe tire company, should the tire 
be inflated 2 lb. under the 35 Ib., the explanation is that 
the tire is underinflated. At the same time it is insisted 
that we must not inflate this tire to 43 Ib. It is obviously 
impossible for the owner to maintain the 35-lb. pressure 
specified by the tire manufacturer, but should the pres- 
sure drop from the maximum of 35 Ib. to 27 Ib., the 
owner driving slowly, the tire manufacturer refuses re- 
sponsibility if damage is done to the cords due to the 
low inflation. 





2M.S.A.E.—Development manager, Goodyear Tire & Rubber Co., 
Akron, Ohio. 
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It is getting to the point where owners are beginning 
to appreciate the inconsistency of our position, and we 
in turn must refer the problem to the tire manufacturer 
for solution. It is very evident that, to make a com- 
mercial settlement of the problem, the tire manufac- 
turer, together with the wheel manufacturer, will have 
to revise completely his method of experimentation for 
determining the influences of the variables in the tire; 
and improve his control and manufacturing divisions to 
the extent that the variables outlined may be reduced. 

The tire and wheel manufacturers have repeatedly 
made suggestions as to front-axle design, wheel design 
and other points as outlined in the list of experiments 
at the beginning of this paper. It has been established 
that these various suggestions do not strike the funda- 
mental cause of the trouble, and considerab'e time has 
been wasted in trying to overcome with damping and 
frictional devices fundamental errors that are in the tire. 


THE DISCUSSION 


BurRGESS DARROW*:—The greater part of Mr. Herr- 
mann’s paper is devoted to the tire side of the question 
and I do not agree with him in a number of the con- 
clusions drawn and opinions expressed. R. B. Day, of 
the Goodyear research department, has read Mr. Herr- 
mann’s paper and I should like to quote a few paragraphs 
from his report, as follows: 


The danger of shimmy or tramping will exist as 
long as automobiles carry heavy weights in the front 
wheels freely suspended between upper and lower 
springs; namely, the chassis springs and the tires. 
The tendency to shimmy can be altered in magnitude 
by altering the suspended weights, by altering either 
or both springs, or by introducing some restraining 
influence tending to prevent the start of vibration of 
the suspended weights or to dampen it out if started. 
No possible change in the tire could remove this con- 
dition. 

Another objectionable feature that would remain 
undiminished is the bringing of the center of contact 
of the tire with the road very near to the point where 
the king-pin axis intersects the road. This change 
was made necessary as the most available means of 
diminishing steering-wheel kick-back caused by un- 
balanced front-wheel braking. At the same time, this 
change made it very easy for balloon tires to deflect 
tq either side of the king-pin and thus produce a rap- 
idly reversing steering-wheel whip. This greatly ac- 
centuated the tendency to front-wheel wabble. No 
improvement in tires could possibly do away with this 
cause of trouble. 

I do not see how shimmy in all its forms can be 
completely avoided while retaining the advantages of 
the balloon tire without putting some sort of check on 
the heavy front wheels and brakes, which insist on 
vibrating between the tires and springs. Putting the 
pressure in the front tires up higher and higher is 
merely going back to high-pressure tires and is there- 
fore not a solution of the balloon-tire shimmy problem. 

There are three possible objections to the use of 
horizontal dampers: cost, weight and interference with 
steering. The many thousands of miles that our driv- 
ers have covered with such dampers lead me to dismiss 
the last of the three objections in toto. The trouble 
does not exist to any degree that a driver can detect. 
The other two objections are grim facts; and, in the 
meantime, so is shimmy. 


Mr. Day evidently believes that dampeners will prevent 
shimmy, and I agree with him whole-heartedly. Tires 
alone cannot be blamed for shimmy because many cars 
with balloon tires did not shimmy without front-wheel 
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prakes, and in many cases the same makes of car with 
the same sizes of tire now do shimmy with front-wheel 
prakes. The common use of balloon tires preceded the 
common use of front-wheel brakes. Tires certainly are 
not alone to blame. 


ACCURACY OF TIRE MANUFACTURE 


Mr. Herrmann’s complaint that tires are poorly con- 
structed as to balance must be made without knowledge 
A tire is about % in. 
thick. Think of a tire which, for a distance of about 
15 in. along its tread, happens to be 1/64 in. thicker than 
the rest and you have a conception of what 20 in-oz. out- 
of-balance means in tire manufacturing. It means a 
permissible thickness-variation of less than 2 per cent 
for only one-seventh of the distance around the tire. 
Tire companies are offering casing, tube and flap assem- 
blies balanced to within a total error of 30 in-oz. That 
certainly is not a bad job of balancing, considering that 
during the process of manufacture we are dealing with 
a plastic material. Locking the brakes and sliding the 
tires can get a tire this much out of balance. A repair 
in the casing or two or three repairs in the tube will do 
the same thing. Incidentally, the tire manufacturer is 
more interested in having no heavy spots in a casing 
than is the automobile manufacturer. A heavy spot in 
a casing pounds at every revolution and has a tremen- 
dous effect on tire life. 

If there is a feeling that tire manufacturers have 
poor facilities for testing, I should like to invite any 
automobile engineer to come to the Goodyear plant in 
Akron and see for himself. We have test cars, as Mr. 
Herrmann says, but that is not half. I will match our 
equipment and personnel against that of any automobile 
company in the business, making due allowances for the 
nature of the product manufactured. 

Tire companies are not reluctant to accept advice. I 
can name dozens of cases where we have accepted ad- 
vice; but just because one party is the buyer and the 
other the seller is no reason for the buyer’s ideas always 
taking preference over the seller’s engineering experi- 
ence. I resent any sweeping statement that tire com- 
panies are reluctant to take the advice or suggestions of 
automobile companies and to deal with them fairly. 

Balloon-tire pressures are discussed at some length in 
Mr. Herrmann’s paper, reference being made to pres- 
sures between 28 and 43 lb., also to variations such as 
errors in gages, increases in pressure as tire-temperature 
rises and air leakage, which he says might total 10 lb. 


RECOMMENDED TIRE-PRESSURES 


Ever since the Rubber Association of America has had 
a standard load and inflation, in 1925, the following tire 
sizes and pressures have been shown: 


Section of Tire, Maximum Inflation-Pressure, 


In. Lb. per Sq. In. 
4.40 34 
4.75 34 
5.25 34 
6.00 36 
6.75 38 


I cannot imagine any tire company objecting to these 
pressures, or even to pressures 2 lb. higher if any auto- 
mobile company wants them. Such pressures are needed 
for certain loads; and if an automobile company wants 
to overinflate up to these pressures for a lighter load and 
put up with the resulting hard ride, surely no tire com- 
pany will object. 


J. F. Duby Co., Boston. 





I will admit that, in the early days, the balloon tire 
was exploited too freely as a 20 or 25-lb. stunt-tire and 
cross-sections were too large; but as soon as the tire 
industry took up the question section sizes were moder- 
ated and pressures raised. It is not the tires run at 27 
lb. that the tire companies object to and refuse to make 
good on. For every 27-lb. tire there are dozens of 20 
and 16-lb. tires that we have to explain to the customers. 

Not much is wrong with our pressure table except that 
it is so terribly abused. We know the pressure drops 
from 2% to 4 lb. per week. Is it unfair to ask a con- 
sumer to start out with 34 lb. and re-inflate when the 
pressure drops to 28 lb., as will happen on the average 
in 2 weeks? Car instructions advise a user to check the 
battery every 2 weeks and to oil certain parts of the car 
about as often. 

Tire companies knew all about gages, rise in pressure 
as temperature increases and valve or tube-leakage when 
they established the pressure table for balloon tires. 
Some definite inflation-and-load table was necessary, and 


the table we selected is very satisfactory when ad- 
hered to. 


LARGE BALLOON TIRES OF SIx PLIES 


I notice that Mr. Herrmann claims shimmy-advantage 
for the six-ply tire. For a given tire-size and pressure, 
six plies help shimmy very little. If Mr. Herrmann has 
in mind a higher pressure for six-ply tires, for example 
40 or 45 lb., of course it will help shimmy; but on a light 
car who wants the kind of a ride that will give? 

From the first my company has advocated 6.00 and 
6.75-in. tires of six-ply construction, and cars of certain 
makes have used them for years. The six-ply tire has 
strength and stamina and will work in the same range 
of pressures as four-ply tires; but it can, if desired, 
operate at much higher pressures. 

I doubt if many engineers in the industry believe, as 
Mr. Herrmann does, that shimmy is to be remedied by 
tire design alone. Plenty of manufacturers are willing 
to take the problem on their own shoulders as one of car 
design. 

JOHN F. Dusy’:—Mr. Herrmann’s paper would indi- 
cate that kick-back or wheel-fight, tramp and gallop, in- 
cipient shimmy and violent shimmy are all disagreeable 
and dangerous conditions; also that we do not know 
where they come from or what to do about them unless 
possibly they are caused by the tires, and, in that case, 
it is up to the tire companies to experiment and find a 
cure. 

I have had a great deal of experience in overcoming 
shimmy and other steering difficulties. I have worked 
in connection with hundreds of service managers, have 
made corrections on thousands of cars and have yet to 
find one case where the cause could not be located and 
easily remedied. 


ARE WE “PASSING THE BUCK?” 


It is hard for us to correct a fault if we refuse to 
admit that the fault exists, and I believe there has been 
a great deal of shifting of blame regarding this very 
serious question. The automobile manufacturers blame 
the conditions on the tires, and the tire manufacturers 
in turn shift the responsibility back to the automobile 
manufacturers. So long as this condition exists we 
cannot look for much improvement. Let us all step in 
and shoulder our portion of the blame, take our medicine 
and correct the fault instead of shifting it to someone 
else. 


A good doctor will always diagnose his case carefully 
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and then prescribe a remedy. Have we done that in re- 
gard to shimmy? I think in many cases we have not, 
yet it is easy to do so if we will make ourselves familiar 
with the basic cause of shimmy. There are several con- 
tributing factors that will aggravate the condition, but 
without this basic cause I have not found a single case 
that will develop a shimmy and continue to shimmy for 
any appreciable time. A car may have practically all of 
the contributing factors and yet show no indications of 
shimmy because the basic cause does not exist on that 
particular car. On the other hand a car may have a 
very bad case of basic cause and yet, due to all of the 
contributing factors being eliminated, the car will not 
shimmy. 

As a means of getting down to the base of these con- 
ditions, let us consider the facts. First, we had shimmy 
long before we ever had balloon tires or front-wheel 
brakes, but since the advent of balloon tires and front- 
wheel brakes there is no denying that shimmy has been 
considerably more prevalent. Therefore, it would seem 
that these two items are not the basic cause but that 
they aggravate the condition. 

Cars of some makes are practically free from shimmy- 
ing, although they are equipped with balloon tires the 
same as other cars that are noted for shimmying. We 
find in several cases where one company is building two 
models that one model will shimmy very badly while the 
other is practically free from shimmy. This is not due 
to the fact that one model is better constructed than the 
other, because in several cases it is the higher-priced 
model that does the more shimmying. Some people 
might say that it is the larger tires on the higher-priced 
models that cause the shimmying, but we must remem- 
ber that there are other cars with large tires which never 
shimmy. Therefore it would seem that there must be 
something in the mechanical construction of certain cars 
that makes them more subject to shimmy than cars of 
other makes. My experience in eliminating shimmy 
would bear out this theory in every case. 

Mr. Herrmann states in his paper that he has stopped 
the shimmy in several cases, but that when he tried to 
apply the same remedy on another car it only made the 
condition worse. This, I think, proves that he has been 
working on contributing factors. When trying to stop 
the shimmying on the second car, instead of correcting 
the one contributing factor that was promoting the 
shimmy, he changed the conditions so as to bring in an- 
other contributing factor. In other words, he did not 
remove or work on the right contributing factor in that 
particular case. But had he removed the basic cause 
the results would be the same on all cars without excep- 
tion. 

I have seen a great many bad cases of shimmying 
stopped temporarily by tightening the steering-knuckle 
pivots. This simply causes the pivots to be so stiff that 
they cannot work up the free motion that is necessary 
for shimmy. This is similar to taking dope to stop a 
headache; the cause is not removed. I have seen other 
cases where the shimmy was temporarily stopped by 
taking up the play in the steering-gear. The shimmy 
is stopped temporarily but the cause still exists and it 
will be only a short time until the shimmy returns. 


CASTER ANGLE IS THE KEY 


Mr. Herrmann stated that in violent shimmy there seem 
to be three radiator caps where there is normally only 
one. If you will keep your ax'es at the proper degree of 
tilt you are ‘almost sure, in this prohibition Country of 
ours, to see not more than one radiator cap on the front 
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of your car. In other words, while there are several con- 
tributing factors, the basic cause of what we call a 
real shimmying condition is excessive caster-effect. This 
caster effect which causes shimmy is a condition that is 
desirable to make steering easy, but we must remember 
that even a small amount of caster effect will cause 
shimmy providing all of the other conditions are favor- 
able to shimmying. Therefore it is important to adiust 
all of the contributing factors to somewhere near the 
ideal conditions so that we may have a little caster-effect 
to facilitate steering. 

On one car which is practically free from shimmy the 
steering-gear arm is 9 in. long and its girth is 3% in. at 
the center. Another car that is noted for shimmying has 
a steering-gear arm 12 in. long, and the girth of this 
arm at the center is only 2°% in. On this car the slightest 
inaccuracy in caster action will cause shimmy because 
the steering-gear arm is not stiff enough to hold the 
wheels in their course. 

In treating shimmy I have always separated what we 
call genuine shimmy from tramp or gallop. Back in 
1916, long before we heard of balloon tires, I was agent 
for a car which, although good in many ways, was ex- 
ceptionally hard riding. A friend bought one of these 
cars and was proud of the fact that on a certain road 
he could drive this car at a certain speed and make it 
gallop. In fact, he used to take his friends to ride over 
this particular road so that he could make his car per- 
form for them. The road, although smooth, was slightly 
wavy; and the galloping of which he was so proud was 
entirely due to his driving at one certain speed so that 
the waves on the road, which were regular, would be 
encountered at the same period as that of the recoil of 
the springs. This condition should not be confused with 
shimmy, as it is an entirely separate condition, but it 
certainly is not caused by balloon tires. 

Another condition that is sometimes confused with 
shimmy is brought about by an unbalanced wheel. There 
is no doubt that a badly balanced wheel will cause a rack- 
ing motion at high speeds. If both front wheels are 
badly out of balance this condition is greatly aggravated. 
If the two heavy parts of the wheel hit the road at the 
same time we get a condition similar to galloping, but 
if the two heavy points come in contact with the road 
at points approximately 180 deg. apart we get a condition 
very similar to shimmy. If we add excessive caster- 
effect the condition is made worse. 

In all of my experience I have not yet run across any 
case where the tire itself was badly enough out of bal- 
ance to cause shimmy or gallop unless the heavy part of 
the tire happened to be placed at or near the heavy side 
of the wheel. If the wheels and rims are properly bal- 
anced, with a weight on the opposite side to counter- 
balance the valve and valve-stem, I think we do not need 
to worry about the balance of the casing on any standard 
make of tire today. 


INFLUENCE OF STEERING CONNECTIONS 


Another condition that is sometimes confused with 
shimmy is what we call whip, also known as a fighting 
steering-wheel. With the conventional type of front- 
axle assembly the front spring acts as a radius-rod ap- 
proximately 20 in. long. When the car encounters bumps 
that cause the springs to flex, the axle swings on this 
radius while the steering-gear connecting-rod swings 
from the rear ball-joint on a radius that may be 30 in. 
If the front end of the rod is forced to follow the arc 
described by the axle instead of traveling in an are from 
its own rear mounting, the result will be a constant 
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tugging and yanking on the steering-gear while travel- 
ing on rough roads. If the front ball-joint is kept 
closé to the center line of the two arcs, this tugging will 
be at its minimum. With a 1%-in. travel in each direc- 
tion the total change in length will be only 1/10 in., but 
if the front end of the steering-gear connecting-rod is 
set 114 in. above this line a 1%-in. flexing of the spring 
in each direction will cause a shortening of the distance 
between the front spring-bolt and the rear ball-joint of 
approximately 4/10 in., and this shortening effect must 
be compensated for either by the road wheel turning 
slightly to one side, the steering-wheel turning in the 
hands of the operator, a deflection of some of the steer- 
ing connections, or possibly by a combination of all three. 

You will readily see that this sudden jerking of the 
wheels to one side when we encounter a bump on the 
road can easily be the means of starting the car to 
shimmy, but it cannot possibly cause continued shimmy- 
ing unless there is excessive caster-effect. 

I do not think that we should say the tests made by 
the tire manufacturers are of the crudest possible type. 
As a matter of fact the tire manufacturers have come to 
the rescue several times by correcting conditions that, 
in my estimation, could and should have been corrected 
in the car itself. There has been a crying demand for 
easier-riding cars for the last 20 years. I believe that 
the riding-qualities could and should have been put into 
the springs, but, in spite of the announcements of the 
various manufacturers from year to year that they had 
lengthened their springs and thereby made the car ride 
easier, we still have springs of approximately the same 
length as they were in 1910. The tire companies, seeing 
this demand for easier-riding cars, produced the balloon 
tires and there is no question that they have given us 
easier riding. 


ACCURATE SETTINGS NEEDED 


Balloon tires and front-wheel brakes have, however, 
made it necessary to maintain a greater degree of ac- 
curacy in the setting of the axle, and to do so we must 
have the proper means of ascertaining these settings. I 
have had men tell me that they changed the degree of 
axle tilt, thereby changing the caster action, and that it 
made the car shimmy worse. When asked what means 
they had of testing the amount of tilt, they said they 
guessed at it. If we are to stop the shimmy we must 
first determine the exact amount of tilt that exists and 
then insert shims to bring it to the correct angle. 

We must remember that we can sometimes make a car 
shimmy worse by slightly reducing the amount of caster 
action, for between 3 and 4 deg. seems to be the worst 
point. Therefore, if an axle has 5 deg. of tilt and 
wedges are put in to bring it down to 3% deg., it is very 
likely to make the car shimmy worse. Another condition 
that must be avoided is the possibility of insufficient tilt 
or of slanting the axle and pivots in the wrong direction, 
as this would cause what is called buckling under, which 
is even more dangerous than shimmy. 

I have mentioned only a few of the contributing fac- 
tors but it can be seen that the importance of having an 
accurate means of testing for these conditions cannot be 
overestimated. 


EXPERIMENT RESULTS NOT UNIVERSALLY APPLICABLE 
W. R. GRISWOLD‘:—The author of this paper has been 


_ prudent enough to say that the results of the 28 re- 


ported experiments which his organization conducted 
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were results as they determined them and does not sug- 
gest that they be held as universal conclusions. 

In the matter of shimmy each car presents a totally 
different problem from a car of any other design, and 
often slight differences occur in production, making some 
cars slightly different from others of the same model. 
Therefore conclusions reached by experiment with one 
model generally have no bearing on the behavior of an- 
other model when a similar set of experiments is 
made. The phenomenon of shimmy, when reduced to its 
fundamental aspects, evidently follows the definite laws 
of the general class of dynamic problems in which it 
falls; namely, that of a vibrating system. Four factors 
enter into the shimmy problem. They are the forces 
that excite or start the vibration, the restoring forces, 
inertia and damping forces. Unbalanced wheels, gyro- 
scopic effects, road inequalities and faulty steering-geom- 
etry cause exciting forces. Elastic elements, including 
the frame and the springs and all parts of the steering 
mechanism that are subject to deflection, must be con- 
sidered; also the inertia of all parts entering into vibra- 
tion. Damping comes mainly from the friction in the 
mechanism. The phenomenon of shimmy may be ex- 
pected under any condition where there is not sufficient 
damping action to overcome the exciting force. 


GYROSCOPIC EFFECTS 


A peculiar thing about the shimmy problem is that 
the gyroscopic forces are not primary exciting forces but 
are produced from them as secondary exciting forces. 
One of these primary exciting forces is brought into play 
because of poor steering-geometry, and the effect of this 
can be exceedingly large when the geometry is much in 
error. One way to overcome this is by the use of front- 
shackled springs in combination with a steering linkage 
arranged so that pivoting of the knuckle due to any 
vertical compression of the front spring will be the 
practical minimum. Simply shackling the front end of 
the front spring is not itself sufficient; it is also neces- 
sary to have the geometry right. By eliminating or 
greatly reducing this primary exciting force, the occur- 
rence of shimmy is considerably lessened. 

The forces due to unbalance of wheels and tires are 
primary exciting forces of great importance, and too 
much emphasis cannot be placed on the need for having 
balanced tires. The forces due to unbalance of the tires 
and wheels are of a harmonic nature just like the gyro- 
scopic and the elastic forces. The primary exciting 
forces may be sufficient to overcome the friction in the 
steering mechanism and thereby give rise to the growth 
of the gyroscopic force which may start a wheel wabble 
accompanied by some evidence of radiator shimmy, or 
start a tramping or radiator shimmy accompanied or un- 
accompanied by wheel wabble. The gyroscopic forces 
are generally much greater than the primary exciting 
force of unbalance. This is especially true if the un- 
balance is limited to small amounts. At high speed 
shimmy and tramp are essentially the result of the 
timed relation or resonance between the gyroscopic or 
secondary exciting forces and the elastic forces. How- 
ever, even the elimination of all wheel unbalance and 
all steering-geometry error is no guarantee that shimmy 
will be eliminated, although the intensity of the shimmy 
will be greatly reduced. It is still necessary to have 
more or less effective damping, and this is obtained es- 
sentially in the front springs. : 

Such things as the flexibility of springs or the flexi- 
bility or stiffness of steering mechanism have only the 
influence of locating the speed at which shimmy occurs. 
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Frame stiffness, especially of the side members and the 
cross-bracing, is extremely important in establishing 
the location of the shimmy in the speed range and con- 
trolling the amplitude of the shimmy if it does occur 
within the driving range. 


THE REMEDIES 


With the conventional front-end constructions, the 
most practical ways of overcoming shimmy may be 
enumerated briefly as follows: 


(1) Balance wheels and tires to close limits 

(2) Design the steering system for minimum error of 
steering geometry 

(3) Reduce the flywheel effect of front-wheel assem- 
blies to the minimum 

(4) Use stiff frame-construction, especially as to tor- 
sional stiffness 

(5) Take advantage of all possible damping action, 
such as interleaf friction of the front springs 

(6) Make the stiffness of the steering linkage as 
great as possible, consistent with weight and 
other restrictions 


B. J. LEMON’:—The great art in writing is not so 
much to exhibit one’s own insight and learning as to 
influence those whom one is aiming to influence, by sug- 
gestion, stimulation or irritation. This is particularly 
true in the field of automotive engineering. The en- 
gineer has a certain professional familiarity with some 
special realm of knowledge. When he wanders beyond 
this field, he often assumes a certain sort of outlawry to 
stimulate the necessary reaction in the minds of experts 
in the transgressed fields. The author of this paper has 
unquestionably produced a reaction from the tire in- 
dustry and, therefore, to that extent, has written a suc- 
cessful paper. 

It is regrettable that more space could not have been 
assigned to toe-in, pitch and caster of motor-car front- 
wheels and axles. The industry as a whole knows far too 
little of the mechanics of alignment as affecting steering, 
tire wear, shimmy, and general stability of.car opera- 
tion. Alignment-instrument makers say that shimmy 
can be largely eliminated by proper front-wheel align- 
ment and axle tilt. Rumors, admittedly unsubstantiated 
but nevertheless decidedly disconcerting, are widespread 
that the amounts of toe-in, pitch and caster used on new 
cars going from factories do not accord with published 
specifications. These rumors shou'd be verified or re- 
futed by a frank and understandable discussion of the 
whole question, including a study of the methods and 
instruments for properly measuring alignment and 
making corrections when misalignment is found. We 
must meet the problem by holding alignment specifica- 
tions within such limits as will be practical yet will not 
stifle future development. To the tire maker, 1/16-in. 
toe-in and 34-deg. pitch appear to be ideal specifications. 


TIRE BALANCING 


One impression conveyed by the paper is that the tire 
maker not only has failed to study his tire from the 
standpoint of shimmy or balance but that he is woefully 
backward generally in respect to methods and machinery 
for tire testing. Three years ago this month our com- 
pany began to balance tires. Special balancing machin- 
ery was designed for this work. At first production 
deliveries were held at 60 in-oz. for the combined casing, 
tube and flap. Since then we have continuously improved 
our methods of balancing and studied tire construction 
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to improve tire balance. A few of the construction fea- 
tures investigated were: 


(1) Tread design 

(2) Angle of cords 

(3) Flipper construction 

(4) Bead construction 

(5) Breaker width and fabrics 


(6) Thickness of rubber between plies and of sidewall 
rubber 


(7) Spacing of splices in carcass, breaker, fabric and 
tread 
As a result we are now holding the balance-error of 
our product within 30 in-oz., a reduction of one-half, and 
we have not given up hope of improving this. 

An especially stiff tire-sidewall decidedly advances the 
minimum speed at which shimmy will be experienced, 
but such construction is used at the expense of riding- 
quality. In this category falls the six-ply tire. 

The author of the paper admits a lack of acquain- 
tance with other than road-test methods of proving tires. 
The tire maker offers no apologies for his road-testing 
program, whether he is testing for shimmy or for tire 
endurance. This test is unquestionably the most accept- 
able and practical test developed up to date for both 
automobile and tire. If it is not, why is the industry 
building special proving grounds, the purpose of which 
is to speed-up road tests? 


TESTS APPLIED TO TIRES 


But the present methods of testing tires are by no 
means limited to road tests. An incomplete list of other 
tests which we apply to finished tires is: 


(1) Measurement of at least 10 different dimensions 

(2) Cure tests on nine major parts 

(3) Physical tests, about 35, such as tensile, flexing 
and elongation 

(4) Bruise tests 

(5) Nail-puncture tests 

(6) Hydraulic strength-tests 

(7) Tread-abrasion tests 

(8) Deflection tests under load 

(9) Profile, tread-impression and _ tread-load-distri- 
bution tests 

(10) Power-consumption tests 

(11) Noise tests 

(12) Run-out tests 

(13) Balance tests 

(14) Throw-off tests 

(15) Test-wheel tests 

(16) Oscillating tests 

(17) Steering-torque and traction tests 

(18) Complete examination of returned tires 


Radial run-out of tires is cited as a fundamental cause 
of shimmy. This is taken to mean the radial variation 
in the section of a tire measured inflated and at no load. 
Such variation probably is due to the splicing of the 
carcass and breaker fabrics and tread and to the tube 
splice. The inflated casing may be slightly smaller at 
such points. Three-sixteenths of an inch is given as a 
possible variation on, we assume, an unloaded tire. 

In our opinion this method of measuring run-out leads 
to erroneous conclusions if its effect on shimmy is under 
consideration. The effect of run-out should be measured 
under load and is so measured in our testing program. 
As an example, we have measured for deflection under a 
1300-lb. load, a 6.20-in. casing that was 60 in-oz. off 
balance. The section measurements were taken under 
load at various points, including the points of greatest 
and least radial run-out. With a total deflection of 1.312 
in. the greatest variation in deflection was 0.025 in. This 
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variation is so small that it is believed to have no ap- 
preciable effect on shimmy, or at least so slight an effect 
as to be practically negligible when compared with the 
effect produced by road irregularity, admitted to be as 
great as %4 in. on an average road. 

The above deflection covers static conditions. At 45 
m.p.h. the greatest increase in radial run-out is 0.12 in. 
on a tire with no load. We have made no measurements 
of radial run-out for loaded tires at 45 m.p.h. 

Lateral run-out we assume is any irregularity of car- 
cass or tread that will produce lateral tire-wabble. Lat- 
eral run-out probably slightly increases radial run-out. 
One-eighth of an inch is an abnormal maximum and 1/16 
in. is an average static lateral run-out for a well-con- 
structed automobile-tire mounted on true rims. This 
may be increased 0.05 in. at 45 m.p.h. We have not been 
able to measure any increase or 
decrease of shimmy due to lat- 
eral run-out of tires. 

The average thickness-varia- 
tion of the combined tread and 
carcass of our 5-in. tires is 1/32 
in., measured under no _ load. 
This variation may be slightly 
greater for larger tires. The 
effect of this variation is covered 
under radial run-out. 

The day-to-day variation in 
shimmy characteristics of a car 
or tire is one of the elusive 
things about shimmy. Engineers 
are acquainted with such varia- 
tion in the same car with the 
same set of tires despite every 
possible effort to hold all varia- 
bles constant. 

They know that if weights, 
wheels, tires, springs, steering 
mechanism, and amount of un- 
balance are all held constant; if 
the road, speed, weather condi- 
tions, temperature, moisture, and wind are maintained 
as nearly identical as possible, even then shimmy is a 
day-to-day variable. The tire is a flexible envelope, en- 
closing a fluid gas. We do our best with the material we 
have to use but are limited thereby. 

As to the imputation that shimmy is the unfathered 
offspring of the tire, we can point to the shimmyless two- 
wheel-brake car as satisfactory evidence that the respon- 
sibility for the conception of shimmy must be borne 
equally by the front-wheel brake. 

Tires supplied by us for test represent standard pro- 
duction unless special sample construction is requested 
for experimental purposes where test for shimmy or 
some other experiment is involved. 

We have not found inflation-measurement gages to 
vary more than 11% lb. within the range of balloon-tire 
inflation-pressure. Our experience is that the maximum 
variation in inflation pressure, including gage variation, 
might be 6 lb. rather than 10 |b. above or below the 
recommended figure under average operating conditions. 

We have counseled against using more than 36-lb. air- 
pressure in four-ply front tires but have never refused 
to agree to 40 lb. when the question of shimmy was in- 
volved. Our records show that 3 days after we received 
a request to approve more than 36-lb. pressure we agreed 
in writing to stand back of our four-ply tires up to 40 


€ See THE JOURNAL, June 1925, p. 624. 
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The great art in writing is not so 
much to exhibit one’s own insight and 
learning as to influence those whom 
one is aiming to influence by sugges- 
tion, stimulation or irritation. This 
is particularly true in the field of auto- 
motive engineering. 
a certain professional familiarity with 
some special realm of knowledge. 


When he wanders beyond this field, he 


often assumes a certain sort of out- ble. 


lawry to stimulate the necessary reac- 
tions in the minds of experts in the 
transgressed fields. 
paper has unquestionably produced a 
reaction from the tire industry and 
therefore, to that extent, has written 
a successful paper. 


The author of this 
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lb. of air. This figure of 40 lb. is exclusive of any varia- 
tions due to gages or to other causes. 

The reasons for desiring to limit the maximum infla- 
tion were to retain the cushioning properties of the 
balloon tire and at the same time assure against high- 
speed bruising that may result from abnormally high 
inflations in four-ply tires. Thirty-six-pounds inflation 
in front tires on all present-day cars means less than 15 
per cent tire-deflection, which is approximately the de- 
flection of the high-pressure tire previously used. Since 
shimmy was a‘rare occurrence with high-pressure tires 
on two-wheel-brake cars, the fact that we get shimmy on 
four-wheel-brake cars at 36-lb. inflation is strong evi- 
dence that front-wheel brakes are a major factor. 

Our company has carefully avoided suggesting cure- 
alls or special remedies for shimmy; but because we have 
not dissipated our energy on 
such flank movements it does not 
follow that we have neglected to 
study our own product. 

Important accelerating forces 
generated by the wheel have not 
been prominently mentioned in 
the catalog of shimmy causes 
outlined in the paper under dis- 
cussion. One of these forces, 
the gyroscopic couple, appears to 
lift one wheel and depress the 
other if the wheels tend to wab- 
Gyroscopic forces are ac- 
centuated by front-wheel brakes 
because of the greater weight 
and because the center of 
weight of the front-wheel unit 
is brought closer to the steering- 
knuckle pivot. Such accelerat- 
ing forces were discussed’ in 
detail at the 1925 Annual Meet- 
ing of the Society. 

A universal solution of the 
shimmy problem has not made 
its appearance except perhaps through the adoption 
of higher air-pressures or stiffer tires. The trend to 
tires of lower standing-height has helped because such 
tires are stiffer and the center of mass of the car is 
lowered. The reduction of weight in front-wheel brakes 
has also aided. Alterations in steering hook-up, in snub- 
ber attachment, in wheel alignment and in caster all 
have a bearing. We are gradually getting a better dif- 
fusion of knowledge, a closer exchange of facts, which is 
a great help in the solution of any problem. 

H. W. DAMMANN':—We have found from actual ex- 
perience and tests that many new cars have left the 
factory with their wheels and axles not set according to 
specifications. Some manufacturers check the wheels 
for toe-in but few of them pay any attention to the pitch, 
which we find is just as important if not more important 
than the toe-in, especially with balloon tires and four- 
wheel brakes. We have found also that very few manu- 
facturers are in a position to measure caster or tilt in 
the front axle. We found in a number of cases that the 
caster in the front axle was several degrees wrong, and 
the manufacturer did not know it and would not ac- 
knowledge it after he was shown. We know of cases 
where we corrected this for the manufacturer and over- 
came the trouble, yet these same manufacturers do not 
care to recommend equipment to their dealers that would 
enable them to overcome their difficulty. Instead’ of 
educating their dealers they try to make them believe 
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their cars will not shimmy, and consequently their dealers 
are kept in the dark and are not in position to handle 
this matter of service today. 


WHAT THE DEALER SHOULD Do 


When dealers receive new cars they tune up the en- 
gines, adjust the brakes and clutches and see that every- 
thing else is all right, but pay very little attention to 
the wheels and axles so long as they run and stay in the 
road. 

When new cars are put out with the front end out of 
balance it is only a matter of a short time before they 
begin to come back with complaints of steering, tires 
worn out or shimmy. The dealers try to overcome this 
trouble by checking the wheels for toe-in and pitch, but 
if this does not remedy the difficulty most of them are 
through. The easiest way out is for them to blame the 
tires, as they do not want to shoulder any responsibility. 
The dealer who is not in position to check the caster of 
the axle as well as its pitch and toe-in cannot expect 
to handle this service successfully. 


Most axles are tilted backward, that is, the top of the 
axle leans toward the rear of the car. Each manufac- 
turer has his own specifications, and they vary greatly 
in different makes of car. We find that with front-wheel 
brakes and balloon tires it is easy to knock the axle out 
of alignment, and unless the dealer knows how and has 
the necessary equipment it is impossible to get it cor- 
rect. We also find that one front brake grabbing more 
than the other sometimes causes such violent stress as 
to twist the axle and thus upset the balance between 
pitch, toe-in and caster. These are simple to adjust 
providing the mechanic knows exactly what is at fault 
and how to correct it. 


The remedy is simply a matter of education and equip- 
ment. The dealer must be able to maintain the speci- 
fications as furnished by the manufacturer. You will 
never be able to get entirely away from readjusting be- 
cause some cars will come back with their front ends 
knocked out of balance through some cause. However, 
if the car manufacturer will require his dealer or 
distributor to check over the pitch and toe-in of the 
wheels and the caster of the axle on every new car be- 
fore he delivers it to the customer, most of this trouble 
will be eliminated. 

F. F. CHANDLER’ :—When front axles are damped with 
snubbers I have observed that these act in a way to 
distort the geometry. When spring deflection is caused 
by impact, the snubber acts with it. When the spring 
deflects due to a rebound, snubber action resists it. The 
front-spring deflections can in this way be actually quite 
different from those that are expected, and this some- 
times causes difficulty. 


Mr. DuBy:—I might answer that by saying that we 
have found that it is better, in cases where shock ab- 
sorbers are installed, to have the steering-gear connect- 
ing-rod slightly below the center line. That allows it 
to work equally across the center line in ordinary driv- 
ing, as the snubbers prevent the spring from going so 
far in one direction as they do in the other. 

J. S. BUSHEY’:—Three years ago we were called upon 
to change from high-pressure to balloon tires. After 
making the change-over of about 100 sets, we were con- 
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fronted with the shimmy difficulty. In addition, on ac- 
count of road conditions in California, 95 per cent of al! 
mileage is covered on reinforced-concrete pavements and 
an almost perfectly flat surface. On the surface, where 
the tire comes in contact with it, the pavement is rough 
and extremely hard. 


SOME FIELD EXPERIENCE 


When we placed balloon tires on automobiles that were 
built for high-pressure tires we had what is termed side- 
wear. Whether it is on the outside or the inside, this 
is not a natural condition. It has a great deal to do with 
wandering, romping and these other things. We took up 
this difficulty with men who seemed likely to have had 
the same experience but were not able to obtain a definite 
solution of the problem. The suggestions we received 
from the engineers did not cure the trouble. So it was 
necessary for us to either close our doors and leave our 
territory or else go ahead and whip the problem. I do 
not want to intimate that this was the problem of the 
car manufacturer, the wheel manufacturer or the tire 
manufacturer; it was the problem of the man who put 
the wheels on and lined them up. 

The question of tire contact on the road has not been 
touched upon. Assume that the wheels are balanced and 
carefully mounted on an axle that is strong enough to 
carry the load. It is necessary to have pitch or camber 
in the axle. To get a very close adjustment, the amount 
should be determined at the time the car is assembled, 
using a gage that is graduated closely enough to find 
any error. The axle should then be adjusted with the 
weight of the car on the tires. Taking 150 cars, 25 with 
straight wheels and other lots of 25 with camber from 0 
up to about 1 in., and running them 5000 miles, we 
found with few exceptions that we could get better tire- 
mileage and avoid shimmying and friction by adjusting 
with %-in. camber in each wheel and \%-in. toe-in. Cas- 
ter is adjusted to make the car handle as it should. The 
same condition, with allowance for larger or smaller 
wheels, applies not only to the passenger-car but to the 
motorcoach and the motor-truck. We find that solid 
tires will sometimes, the same as pneumatic tires, wear 
at one side. 

Mr. LEMON:—Do you find any objection on the part 
of the car manufacturers to bending of the axle? 

Mr. BUSHEY:—We discussed the matter of axle 
bending with the axle manufacturers about 3 years ago 
and they heartily endorsed our method. In fact, we are 
adjusting the axle in the same manner as are the manu- 
facturers whenever they find it necessary after heat- 
treatment. We always bend the axle cold, as approved 
by the axle manufacturers. There is no danger of bend- 
ing the axle enough to weaken it. It will be bent only 
1/16 in. at the most, and, as it is done by men who know 
the work, there is no difficulty or possibility of weaken- 
ing the axle. 

Mr. LEMON:—The Tire & Rim Association has been 
trying for about 3 years to agree upon the proper toe-in 
and pitch of wheels as they affect tire wear. I believe 
they have recently submitted their ideas to the chief en- 
gineers of the manufacturers of cars, trucks and motor- 
coaches, suggesting 1/16-in. toe-in and 34-deg. pitch. 

A. S. VAN HALTEREN”:—We investigated to see how 
much our wheels were affecting this problem. We find 
that the wooden wheels will run within 25 in-oz. and will 
average about 15 in-oz. out of balance. Steel wheels 
will run within about 10 in-oz. 

H. A. HUEBOTTER" :—Gyroscopic action of the wheels 
and axle was mentioned by Mr. Griswold as a contribut- 
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ing cause of shimmy. I have here a model that repre- 
sents a front wheel mounted on an axle from which you 
can see the effect of this action well enough to recognize 
that a tramping axle is sufficient to cause shimmy. If 
you are interested in the mathematics involved I will be 
glad to present it as a written contribution” to THE 
JOURNAL. 

Methods to damp out the tramping can be devised. 
Anything to break up the period of the axle or to in- 


crease the frequency beyond the driving range should 
be effective. 


122 See THE JOURNAL, April, 1927, p. 423. 
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Mr. HERRMANN :—Our friends from Los Angeles have 
contributed various definitions that are very vital, and 
Mr. Huebotter has presented a vivid demonstration of 
gyroscopic phenomena with which we may not be famil- 
iar. In the discussion of this subject I have been attacked 
from an unexpected point. Also the gage makers gave 
me a surprise. Their business has grown since the 
advent of balloon tires. Gages are good things but we 
must be on guard against flimsy gages that are easily 
bent so as to be inaccurate. The tire men say the tires 
are all right and recommend some dampening apparatus, 
just as I expected them to do. 





MONEY STOCK IN THE UNITED STATES 


HE stock of money in this Country today is twice what 

it was before the World War. On May 1, 1927, the in- 
ventory of the stock of money in the United States showed 
$8,600,000,000. Of the increase of almost $4,900,000,000 
since 1913, $2,700,000,000 is represented by gold and $2,100,- 
000,000 is supplied by Federal Reserve notes, of which there 
was none before the establishment of the Federal Reserve 
System. 

The figure for United States notes, commonly known as 
greenbacks, has not changed for nearly 50 years. No large 
change has occurred in the amount of national bank notes 
in recent times. This amount has been largely governed 
by the amount of United States Government bonds outstand- 
ing which bear the circulation privilege. Of these there are 
now only about $675,000,000. Almost $75,000,000 of these 
consist of two Panama Canal issues callable at any time. 

Before the passage of the McFadden Act. the Treasury 
announced that the privilege of emitting national bank notes 
would probably be withdrawn by degrees after national 
banks were given compensating advantages of operation by 
law. Certain national banks have been reluctant to give up 
this privilege because it carries with it the possibility of 
a small profit as well as sentimental and advertising value. 
The method for accomplishing the retirement of national 
bank notes is through the retirement of the bonds bearing 
the ‘circulation privilege which underlie them. 

With the Panamas retired, there will remain only the 
Consols of 1930 bearing the circulation privilege. If these 
are retired at maturity in 1930 without the emission of other 
bonds bearing the circulation privilege, the national bank 
note should completely disappear from our money stock. 
The Treasury has stated that this would simplify our cur- 
rency and is in line with the policy inherent in the Federal 
Reserve Act. 


MONEY STOCK IN THE UNITED STATES ON MAY 1, 1927 
Gold Coin and Bullion $4,600,000,000 


Silver Dollars 500,000,000 
Subsidiary Silver 300,000,000 
United States Notes 400,000,000 
Federal Reserve Bank Notes 5,000,000 
Federal Reserve Notes 2,100,000,000 
National Bank Notes 700,000,000 


$8,600,000,000 


The Reserve banks were authorized to purchase a certain 
amount of circulating bonds each year, against which they 
were to be allowed to issue Federal Reserve bank notes. 


During the war the Reserve banks bought a relatively small 
amount of these bonds and then ceased purchasing. 


PAPER MONEY NoT INCLUDED IN STOCK 


In inventorying the stock of money in the Country, gold 
and silver certificates and Treasury notes of 1890 are not 
listed by the Treasury. This is because this paper money 
is merely the circulating form for gold and silver. A silver 
dollar must be impounded in the Treasury against each dol- 
lar of silver certificates or Treasury notes emitted, and a 
dollar’s worth of gold must be impounded against each dollar 
of gold certificates emitted. 

Silver dollars in the money stock are a few million less 
than before the World War. The contract between the 
United States Government and Great Britain for the purpose 
of bolstering Indian exchanges caused the silver-dollar stock 
to go down by more than 250,000,000 during 1918 and 1919, 
when silver dollars were melted and sold to Great Britain. 
But an equivalent amount of silver has subsequently been 
purchased for recoinage and the volume of silver dollars now 
is substantially the same as before the World War. 

On the whole, national bank notes, United States notes, 
Federal Reserve bank notes, gold and silver certificates, and 
Treasury notes represent inelastic elements of our currency. 
The major fluctuations in our money stock during the last 
few years have been predicated on the change in the stock 
of gold and Federal Reserve notes. When all of the other 
types of money are lumped into “All other, miscellaneous,” 
a surprising constancy in this aggregate is displayed over 
the years in question. 

Gold is, of course, the basis of our system of values and 
its supply is conditioned on international exchange relations. 
While artificial devices may cause it to flow in or out, the 
gold supply is assumed to be controlled by economic law and 
is not generally regarded as elastic. 

The really elastic element of our currency is the Federal 
Reserve note. To provide for elasticity, theretofore lacking 
in our money system, was one of the main purposes of the 
Federal Reserve Act. The machinery of the emission of 
Federal Reserve notes, with their security of commercial 
paper and gold, and how their volume should respond to the 
money needs of the Country are the subjects of frequent 
rehearsal in financial circles. The Federal Reserve note first 
appeared in our currency in 1914, the year the system was 
put in operation. As of June 30, 1915, there were $84,000,000 
outstanding; by June 30, 1920, $3,400,000,000. There has 
been a general decline since 1920 in the number of Federal 
Reserve notes outstanding. On June 30, 1925, they stood at 
$1,942,000,000 but had increased somewhat by May 1, 1927.— 
Commerce Monthly. 
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Light-Alloy Pistons 
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ISTON troubles are not confined to pistons of any 

one material, and they can be overcome by proper 
design with either alumiunm or cast iron. The light 
weight and high heat-conductivity of aluminum alloy 
are advantages, and difficulties due to its high coeffi- 
cient of expansion from heat can be overcome by proper 
design. 

The development of permanent-mold pistons with 
split skirts and with steel or Invar struts to control 
expansion is sketched. Provision for lubrication of 
the cylinder-wall immediately after starting the en- 


pany who has always taken delight in “heckling” 

me whenever opportunity offered. He said not 
long ago, “I wish you would tell me what is really wrong 
with aluminum pistons.” I said: “There are only three 
things that are really wrong with them; they stick, and 
they slap and they pump oil. Now you claim to be a 
great expert in design and an advocate of cast-iron pis- 
tons even though you do not use them; suppose you tell 
me what is the matter with them.” He said, “Cast-iron 
pistons also have just three troubles; they stick, and 
they slap and they pump oil.” 

We must go deeper than sticking, slapping or oil- 
pumping to justify or to condemn either cast iron or 
aluminum as a piston material. Sticking, or “freezing” 
as it is sometimes called, is more serious with cast iron 
than with aluminum. Slapping is more frequently en- 
countered with aluminum. Oil-pumping, under certain 
conditions, is common to both. These are but complaints 
or annoyances due to improper construction or adjust- 
ment. They are more or less serious, but they are 
successfully dealt with in either type of piston. Such 
difficulties, while very influential in creating prejudices, 
do not represent the fundamental considerations and 
they will not, in the long run, settle the question. That 
will be settled according to which material most economi- 
cally meets the requirements. 

What are the requirements of a piston? A piston 
should be made of material having excellent machining 
properties, inasmuch as it is finished all over. It must 
provide a good seat for the rings and a perfect bearing 
for the piston-pin. It must act in the engine as both a 
gas-tight plunger and a cross-head. It should therefore 
be strong and able to maintain its shape at high tem- 
peratures and should have good bearing and wearing 
properties. The piston must also provide a path for the 
transfer to the cooling water of a considerable part of 
the heat generated in the combustion-chamber. The 
material possessing the best heat conductivity will best 
meet this requirement. Since the piston is a recipro- 
cating part, its weight should be kept as low as is 
consistent with the requirements of strength and con- 
ductivity. Lastly, although subjected to greater ex- 
tremes of temperature than any other moving part of 
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gine is described; and working clearances for piston- 
rings are recommended. An outline of the status of 
magnesium-alloy pistons in this Country at the pres- 
ent time is given. 

Early experiences with aluminum pistons are related 
in the discussion, and the problems of aluminum pis- 
tons for Diesel engines are stated. Practice as to 
piston-ring width is reported, and recommendations are 
made as to methods of securing the piston-ring in 
place. The suggested use of aluminum for piston- 
rings is not received favorably. 


the engine with the exception of valves, the piston should 
perform all of its duties with the minimum of vibra- 
tion, noise and other difficulties attributed to faulty 
pistons. 


LIGHT WEIGHT AND HIGH CONDUCTIVITY 


How does aluminum, by which is meant the light 
aluminum piston alloys, meet these requirements? These 
alloys possess two characteristics which make them most 
desirable for use as piston material. They are light 
and they have high thermal-conductivity. The advan- 
tages of a light-weight piston for reducing vibration and 
securing smoothness of operation in four-cylinder en- 
gines are well known. In six-cylinder engines the in- 
creased smoothness due to light-weight pistons is also 
very apparent, chiefly at the higher speeds. In eight- 
cylinder engines our experience is more limited, but the 
effect is apparently to either eliminate entirely, or to 
reduce very much, vibration periods which appear at 
certain definite speeds. This results in better bearing 
conditions and a tighter engine. 

The advantages of high heat-conductivity are familiar 
to the engineer but are not so well known to the public. 
Chief among them are the possible employment of higher 
compression-ratios with less carbon deposited on the 
piston-head, resulting in less preignition, cleaner and 
cooler oil and cooler bearings. In addition to these 
things, the aluminum alloy possesses excellent machining 
properties, is hard and strong, and its wearing qualities 
are superior if it is properly lubricated. 

Aluminum has one property that is unfortunate for 
its use as piston material. That is a coefficient of ther- 
mal expansion more than twice that of cast iron. This 
property has been the greatest single obstacle in the way 
of the general adoption of aluminum pistons. If a plain 
cylindrical aluminum piston, similar to the conventional 
cast-iron piston, is fitted into the cylinder with the usual 
clearance allowed for cast iron it will expand so much 
that it will stick and score at high speeds or under heavy 
loads. If it is fitted with sufficient clearance to prevent 
this it will be so loose in the cylinder that it will rattle 
back and forth when the engine is started cold, pro- 
ducing the noise known as piston slap. 

To overcome this difficulty is the dream of every piston 
inventor. The vast majority of all of the 1000 light- 
alloy-piston patents deal with some scheme for compen- 
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sating for the greater expansion of aluminum than of 
cast iron. This may be a peculiar method of slitting the 
piston, or it may be casting in or bolting on pieces of 
steel to act as expansion controls. It may propose rings 
of special types or a peculiar location of the piston-pin, 
but the object is almost always the same; to provide an 
aluminum piston that will not slap when cold and will 
not stick when hot. A few of these schemes have been 
commercially successful and have played a major part in 
the rapid growth in the use of aluminum pistons. 

Another factor in this development that has played an 
equal part in bringing the aluminum piston into promi- 
nence is the art of casting aluminum alloys in permanent 
iron molds. This process was imported from France in 
1912 in a crude state. The first piston castings by this 
process were produced in 1915. The growth of the re- 
sulting industry was slow for a few years, but as the 
technique advanced it became very rapid. Since 1920 
between 25,000,000 and 30,000,000 aluminum pistons 
have been made by this process. Its advantages over 
sand casting are many. The metal is hard and fine 
grained, free from porosity and from blowholes, and has 
excellent machining properties. Great numbers of cast- 
ings may be duplicated almost exactly as to both dimen- 
sions and weight. 

Another development in the last 3 or 4 years is the 
art of heat-treating aluminum pistons. By heat-treat- 
ment of permanent-mold pistons we are able greatly to 
relieve the casting strains which cause distortion in 
operation, and at the same time to increase the hardness 
to as much as 160 Brinell, thus enabling the piston to 
resist wear of the ring groove and skirt to a great extent. 


THE DESIGN OF ALUMINUM PISTONS 


The most familiar design of aluminum piston, the one 
that brought it into prominence, is the so-called slit-skirt 
design. In this type of piston we have two bearing- 
faces of approximately 90 deg. each, separated from the 
head and ring section by horizontal slots. Up the center 
of one of these bearing faces, from the open end of the 
piston to the horizontal slot, runs a vertical slot. The 
purpose of the horizontal slots is to separate the bearing 
faces from the piston-head, preventing a direct flow of 
heat from the head to the skirt and thus maintaining a 
lower skirt-temperature. The purpose of the vertical 
slot is to allow the piston-wall to deflect slightly after it 
reaches the size of the cylinder bore, thus eliminating 
the possibility of seizure at high speeds. This is the 
design that has been in general use for about 7 years. 
The clearance provided with this type of piston is usu- 
ally about the same as with cast iron. 

Recently, particularly during the last year, a consider- 
able demand has developed for still closer piston-clear- 
ance. There has been what A. Ludlow Clayden has 
referred to as a “piston-slap complex.” It seems that 
the whole trade has concentrated on the elimination of 
piston slap and it sometimes seems that every noise 
occurring in an engine is referred to as piston slap. Be 
that as it may, the demand has been for closer clearances, 
and to meet this demand the insert piston has been de- 
veloped. 

This type is identical with the split-skirt type in most 
of its essential features. It has the two 90-deg. bear- 
ing-faces separated from the heat by horizontal slots. 
The piston-pin bosses are attached to the head exactly 
as in the split-skirt type. The connection from the 
piston-pin bosses to the edges of the bearing faces, 
however, instead of being by aluminum ribs, is by steel 
ribs cast into the piston-pin bosses and into the edges 
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of the bearing faces, connecting the adjacent edges of 
the two bearing-faces in the same manner as do the 
aluminum ribs in the split-skirt piston. These two steel 
inserts carry the thrust loads of the piston against the 
cylinder-wall and act as spacers between the two bear- 
ing-faces, controlling the expansion across the bearing 
faces due to temperature. If the inserts are made of 
cold-rolled steel the permissible clearance will be about 
the same as with a cast-iron piston of like diameter. 
If they are made of Invar, a steel containing about 35 
per cent nickel, which has practically no expansion in 
the range of temperature encountered in piston opera- 
tion, the clearance may be less than is ordinarily em- 
ployed with cast iron. Pistons of this type are heavier 
and somewhat more costly to produce than the all- 
aluminum type. They offer some problems in casting 
strain and distortion, incident to combining two ma- 
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Fig. 1—Or_-HOoOLE IN CONNECTING-Rop 


A Hole Is Drilled To Lead Oil from a Hole in the Crankpin to the 

Side of the Connecting-Rod on the Thrust Side of the Engine, for 

Lubrication of the Cylinder-Wall of Pressure-Lubricated Engines 
during the First Minutes of Running 


terials of radically different coefficients of expansion in 
the same rigid structure, but they will operate with 
very small clearance. 


INSTALLATION OF ALUMINUM PISTONS 


Certain things must be given attention in making any 
aluminum-piston installation. Chief among them is 
lubrication, particularly in cold weather. There has 
been much criticism of the aluminum piston because of 
what is known as scuffing. That ailment was a mystery 
for a long time, but it has now been thoroughly demon- 
strated that it is due to lubrication failure. It is never 
encountered in splash systems because in this case the 
dippers start throwing oil to the cylinder-walls imme- 
diately upon starting, almost regardless of oil tempera- 
ture. The most aggravated condition is to be found in 
engines employing a full-pressure system with the oil- 
pump located high on the engine, drawing its supply 
through a small tube extending into the oil-pan. Oil 
cannot be drawn through such a tube at temperatures 
of 0 or even 20 deg. fahr.; therefore pistons and cylin- 
ders receive no fresh oil for several minutes after start- 
ing. Meantime the cold cylinder-walls are condensing 
water from the products of combustion, washing off the 
little oil remaining on the walls. I have seen enough 
water condensed in this way by a 2-min. run to drip 
from the crankshaft when the oil-pan was removed. This 
condensation is largely responsible for the rusting of 
cylinders and crankcases in winter. Such a condition 
is ruinous to any piston. 

The cure for this trouble lies in providing means for 
getting fresh oil to the cylinder-walls as soon as the 
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engine is started, to maintain the film that is being 
destroyed by the condensing water-vapor. The best 
method that has been developed for this purpose, one 
that is being generally adopted by manufacturers using 
both cast-iron and aluminum pistons, is to drill a hole 
of about 1/16-in. diameter through the center of the 
connecting-rod bearing, as shown in Fig. 1, to register 
with a hole in the crankpin about 15 deg. from the top 
of the bearing. This hole should emerge on the outside 
of the rod on the thrust side of the engine near where 
the shank of the rod joins the big-end bearing. This 
will allow a few drops of oil to reach the outside of the 
rod to be thrown to the cylinder-walls immediately upon 
starting. In addition, the oil-pump should be in the oil- 
pan, all oil channels should be of generous size and as 
straight as possible, and the screen which is placed over 
the pump inlet should be of coarse enough mesh so oil 
can pass through it when cold. The screen should not 
be finer than 30 mesh; 20 is better. These precautions 
will practically assure the elimination of piston scuffing 
due to cold starting. 

Rings on aluminum pistons should be fitted with at 
least 0.00125-in. clearance in the grooves. If they are 
much tighter than this the grooves are likely to contract 
on the rings when the piston is cold and prevent them 
from contacting properly with the cylinder-wall. This 
will result in several sharp reports when the engine is 
started, due to gas rushing past the piston-rings into 
the crankcase. These reports will be intermittent and 
will disappear quickly as the rings become free in the 
grooves. The condition is not dangerous but it is highly 
annoying, particularly when its cause is not understood. 

It is not necessary to use bronze piston-pin bushings 
with aluminum pistons as the bearing conditions be- 
tween the hardened-steel piston-pin and the aluminum 
piston are very satisfactory. The few manufacturers 
who have used piston-pin bushings have discarded them 
in favor of the aluminum bearing. 


MAGNESIUM-ALLOY PISTONS 


One other question is occasionally brought up about 
which I shall say a few words in closing. What is the 
probable future of magnesium as a piston material? 
Magnesium has some advantages over aluminum, of the 
same nature as those that aluminum has over cast iron, 
but not to the same degree. It has no advantage in 
thermal conductivity, but it has a considerable advan- 
tage in specific gravity. A magnesium piston can be 
made from 30 to 40 per cent lighter than an aluminum 
piston. However, the process for reducing the metal is 
not nearly so old nor so highly perfected as is that for 
aluminum, and the price is consequently much higher. 
The same is true of the art of casting. Nevertheless, the 
engineering world, always looking for the optimum re- 
sults, recognizes the possibilities of magnesium as a 
piston material and there has already been one instance 
where the metal has been tried out on a fairly large 
commercial scale. Considering that this was the first 
commercial installation, it gave a good account of itself, 
but it was discarded in favor of aluminum for much the 
same reasons that caused the early aluminum-piston in- 
stallations to be discarded, because the price is high and 
the designs and technique necessary for large-scale 


‘production are not yet thoroughly worked out. If the 

?M.S.A.E.—Engireer, manufacturers service division, Vacuum 
Oil Co., Buffalo. 

3M.S.A.E.—Passenger-car engineer, Pierce-Arrow Motor Car Co., 
Buffalo. 

*M.S.A.E.—Engineering department, Pierce-Arrow Motor Car Co., 
3uffalo. 


reward is sufficient the difficulties will be overcome. The 
fundamental advantages of lighter weight and high heat- 
conductivity are there and means will be found to realize 
them. 


THE DISCUSSION 


E. W. KIMBALL’:—Aluminum pistons have interested 
me for a number of years, and my initial experience 
with them was in 1914. The first aluminum pistons we 
used were sand cast and, as very little was known about 
machining to get the desired results, our experience was 
such as to condemn them. In 1916, when we put alu- 
minum pistons into engines and sent them out to the 
public, we began to receive many complaints of piston 
slaps. The service department, with which I was then 
connected, was called upon to find a remedy, and a 
method of slotting the skirts was developed. This did 
not materially improve the condition, and we adopted a 
heat-treating and expansion method. At right angles 
to the piston-pin at the lower part of the skirt we in- 
serted an expander, then the piston was heated by blow- 
torches at opposite sides until the skirt was expanded, 
after which it was chilled by dropping into a bucket of 
water. By fitting the piston tight, disregarding the 
conventional clearance of about 0.001 in. per in. of cylin- 
der bore, with a bearing surface from the bottom of the 
skirt about “. in. up the side, we eliminated about three- 
quarters of the piston slaps in that particular model. 
Then we began to get better pistons, die cast, through 
cooperation with the aluminum manufacturer, and they 
gave good results. In fact, I think that this same car 
is the only one in America that has used aluminum pis- 
tons exclusively in regular production since 1916, ex- 
cept for about 2 months. Perhaps it is unfortunate that 
the oil refiners do not have something to say in the 
designing of engines. If they did there would be sev- 
eral changes. It is true that most of the wear on both 
aluminum and cast-iron pistons, on the crankshaft, cam- 
shaft and valve-lifters, in fact on all the moving parts 
of the engine, occurs immediately after the engine is 
started. Particularly in the winter an oil is needed 
that has a low cold-test and still has high lubricating- 
value. 

CHARLES PLEUTHNER’:—limprovements in lubrication, 
crankcase ventilation, oil filtering, exhaust-heated mani- 
folds, carburetion, and other engine details have had 
an indirect bearing on the success of aluminum pistons. 
These are all features that contribute to the eventual 
success of the aluminum piston. 


THE PROBLEM OF PISTON SLAP 


CHAIRMAN P. B. JACKSON*:—Until I made an investi- 
gation of piston slap recently I did not realize that in 
one engine-revolution the piston goes from one side of 
the cylinder to the other four times, resulting from both 
the gas-pressure and inertia forces. With an aluminum 
piston the inertia forces are more than the gas-pressure 
forces at 3500 r.p.m, and there are times when both act 
in the same direction. 

How small does Mr. Welty think the clearance must be 
made, regardless of material, to reduce piston slap to a 
negligible amount? Also, what proportion of the heat 
that is not converted into work is taken out of the en- 
gine through the piston-rings; does more heat pass out 
of the piston through the rings than by radiation to the 
oil in the crankcase? 

G. D. WELTY:—It is true that the piston, according 
to theory at least, does oscillate back and forth from one 
side of the cylinder to the other several times during 
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each revolution. However, it is my belief that only the 
oscillation that occurs when the piston comes up against 
compression and is snapped over against the opposite 
side of the cylinder as the crankshaft goes over center 
at the time of the explosion results in a piston slap. 
That belief is based on a number of experiments I made 
in a laboratory by taking all of the pistons except one 
out of an engine and fitting that one with 0.008 to 0.010- 
in. clearance so that it would readily slap. Under these 
conditions there were half as many slaps as there were 
revolutions of the engine. That implies that the engine 
was operated at such slow speed that the slaps could be 
counted and compared with the number of revolutions. 
As the speed increased there still was one slap to two 
engine-revolutions until the speed became so high that 
the slaps could no longer be counted. 

Mr. Jackson said that at high speeds the inertia forces 
are even greater than the gas-pressure forces. I doubt 
whether that applies to piston slap, because the piston is 
hot when running at high speed and the clearance is 
reduced by expansion, so there should be no slap at high 
speed. 

I have no direct measurements of the comparative 
amounts, but much more heat is carried out through the 
rings and the skirt into the cylinder-walls and thence 
into the cooling water than is radiated to the crankcase 
oil. An attempt has been made by casting radiating 
fins on the inside of a piston to maintain a cooler piston- 
head so that higher compression could be used. We 
were successful in casting the fins to provide greatly 
increased radiating-surface, but the results obtained 
from the experiments with pistons of this type did not 
justify the manufacturer in adopting them. Very little 
difference was reported. On the other hand, there is 
no question that a large amount of heat is dissipated 
through the rings and skirt. An experiment has been 
performed by bolting a wooden wearing-shoe to an 
aluminum head. Temperatures sufficient to fuse the 
head partially were developed, showing that under or- 
dinary conditions a large amount of heat must be dis- 
sipated through the skirt, A considerable quantity is 
also transferred through the rings into the cylinder-wall. 

QUESTION :—What prevents the development of an 
aluminum piston-ring with a-steel expander for light 
weight and superior heat-dissipation? 


PISTON-RINGS DISCUSSED 


Mr. WELTY:—One of the things that would hold that 
development back is that it would be rather expensive 
to furnish twice as many pieces as now. Also, the room 
for a spring back of a ring is not great. The depth of 
the ring grooves would need to be increased and that 
would require more stock in the piston. 

I do not know how successful an aluminum piston-ring 
would be. There would be the question of its retaining 
its temper under working conditions. Cast-iron piston- 
rings are highly specialized parts, all individually cast. 
I doubt whether we could successfully cast an aluminum 
piston-ring by the permanent-mold process. The section 
might be too thin. Rings would probably need to be cut 
from aluminum forgings. 

PERCY BEST’:—What are the best widths of rings for 
pistons of various diameters, considering good function- 
ing and low ring-pressure on the cylinder-walls? 

Mr. WELTY :—The tendency is to use narrower rings 
with aluminum pistons. It is almost universal practice 


°M.S.A.E.—Automobile designer, Pierce-Arrow Motor Car Co., 
Buffalo, 


on passenger-car engines up to 3%-in. bore to use four 
1-in. rings. The use of four rings permits the use of 
an oil-control ring and still leaves three compression- 
rings. With narrower rings and grooves there is little 
tendency for the rings to tighten in the grooves in cold 
weather, and narrower rings will more closely follow 
slight imperfections in the cylinder bore. The %-in. 
ring is being used on some 4 and 44-in. pistons; in fact, 
almost everywhere except in motorcoach pistons, where 
the 3/16-in. ring is still generally used. The service of 
a motorcoach engine is considered so severe that manu- 
facturers hesitate to use the narrower rings. 


ALUMINUM PISTONS FOR DIESEL ENGINES 


QUESTION :—How far have aluminum pistons for 
Diesel engines advanced? 

Mr. WELTY:—Mr. Jackson has had more recent ex- 
perience than I as to that. 

CHAIRMAN JACKSON :—Diesel-engine pistons are so 
much larger than those of automobile engines that the 
effect of the coefficient of expansion is far beyond any- 
thing that the automobile engineer has to consider. 
Also, operating temperatures vary more in a Diesel en- 
gine, locomotives sometimes running continuously at full 
throttle with water temperatures as low as 40 to 45 deg. 
fahr., while sometimes the water will be at 212 deg. 
when the engine is running at part throttle. These tem- 
perature conditions make the problem of expansion very 
serious in 9 to 12-in.-diameter pistons. 

The Invar-steel struts described by Mr. Welty control 
the diameter at right angles to the piston-pin but not in 
a direction parallel to it. In small pistons this seems not 
to matter, but in large pistons it becomes a serious fac- 
tor. 

Diesel engineers desire to use aluminum pistons be- 
cause they will make higher piston-temperatures possi- 
ble, but I know only of the double-acting engine in the 
Ford factory that has been run successfully with an 
aluminum piston, and as this engine has a cross-head 
there is no trouble with piston slap. 

Work is being done on pistons for the Ingersoll-Rand 
locomotive-engine, trying to use smaller clearances with 
aluminum than with cast iron. In the near future a 
composite piston will be developed for Diesel engines, 
using an aluminum head with either a cast-iron skirt 
or a skirt with controlled diameter. 

Mr. KIMBALL:—Will Mr. Welty explain a little more 
in detail the crankcase explosions he mentioned and state 
what ignites the gas in the crankcase? 

Mr. WELTY:—The gas apparently is not ignited in the 
crankcase but rushes past the rings when they are not 
in contact with the cylinder-wall because of binding from 
being fitted too tightly in the grooves. Once past the 
rings the gas escapes immediately into the «crankcase 
through the openings in the piston around the piston- 
pin bosses. It is the rush of gas that causes the noise. 
The phenomenon is rarely observed with trunk-type 
pistons where the gas has no ready escape into the crank- 
case even if it does pass the rings. 

QUESTION :—At what temperature will a magnesium 
piston melt? I have seen some pistons that were badly 
pitted. I do not know whether from the temperature or 
from the gas. 

Mr. WELTY :—A magnesium piston will fail at a some- 
what lower temperature than an aluminum piston. This 
is below the fusion temperature of either material be- 
cause both become soft before they fuse. However, the 
temperature at which either aluminum or magnesium 
will soften is far above any temperature that could be 
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encountered in an engine except under some quite ab- 
normal conditions. 


PITTING OF MAGNESIUM 


CHAIRMAN JACKSON :—About 18 months ago we fitted 
a set of magnesium pistons in an engine. After some 
running, the cylinder-head was removed and the piston 
heads presented a surface so much pitted that they 
looked like relief maps of a very mountainous country. 
It was discovered that there was a considerable water- 
leak directly into the combustion-chamber. The trouble 
with these pistons was attributed to the water leak, as 
magnesium pistons have functioned satisfactorily in air- 
craft engines for periods equivalent to flights of 70,000 
to 80,000 miles. 

A MEMBER:—I have noticed the same on magnesium 
brake-shoes that we use. Would aluminum act the same? 

Mr. WELTY:—No, magnesium is a trickier material 
than aluminum. Under oxidizing conditions magnesium 
alloys convert quite readily to a sort of white powder 
that you may have observed around these cavities. 

A. D. CAMP*:—Magnesium is susceptible to water cor- 
rosion but, under such conditions as prevail in an auto- 
mobile engine, magnesium pistons should corrode no 
more than those of aluminum, even if water should find 
its way into the cylinders. The film of oil present acts as 
a protective coating. Failure of magnesium pistons in 
the past can be ascribed more to faulty design or the 
selection of an improper magnesium-alloy than to cor- 
rosion. 

A MEMBER :—Has the speaker had any experience with 





® Research engineer, United States Aluminum Co., Buffalo 


aluminum pistons and alcohol fuel, or with step-top 
aluminum pistons and kerosene fuel? 

Mr. WELTY :—-I am fairly familiar with the theory of 
the step-top piston. Several laborateries in this Country 
are working intensively on that, but we have done no 
work on it in our own laboratory. 


LOCKING THE PISTON-PIN 


Mr. KIMBALL:—What are the relative advantages of 
locking the piston-pin in the piston boss or in the small 
end of the connecting-rod? 

Mr. WELTY:—There are three practices: (a) locking 
the pin in the piston and floating it in the rod, (b) 
locking the pin in the rod and floating it in the piston, 
and (c) floating the pin in both and using lock wires in 
the piston to prevent endwise motion of the pin. The 
design using the lock wires is the best where it is pos- 
sible. The pin may then be fitted quite tight in the 
piston by heating the piston in warm water and as- 
sembling with the rod and pin while the piston is warm. 
When the piston cools the pin will be quite tight in it 
and the oscillation upon starting the engine will be be- 
tween the piston-pin and its bearing in the connecting- 
rod. After the piston is warm the bearing between the 
pin and the piston-pin boss will become free and the pin 
can then oscillate in the piston. This construction also 
makes possible a better design of the small end of the 
connecting-rod, particularly for an aluminum connecting- 
rod, because it does away with the clamping device and 
is much stronger. Of the other two practices I prefer 
locking the pin in the rod. In this case, the piston-pin 
should fit the piston with about 0.0005-in. clearance at 
room temperature. 


COAL A RAW MATERIAL, NOT A FUEL 


EADING gas-engineers are setting about to disprove 
what has long been considered an almost axiomatic the- 
ory, that coal is fuel, according to a recent report of the 
American Gas Association. The contention is that coal, 
which must for thousands of years remain the chief energy 
resource of the world, is an essential raw material from the 
social, scientific and industrial viewpoints. 

These engineers feel that but a relatively few years 
will elapse before their ideas are proved. Basing their 
conclusions on the fact that from 1815 to 1914 the white 
population of the world increased threefold, while the pro- 
duction of mineral fuels, coal, oil and natural gas, increased 
75 times, they foresee a rapid culmination of the theory 
that the burning of raw coal defeats conservation and at the 
same time is uneconomic and injurious to health. 

The report states in part: 

Giant gas-plants situated at strategic points 
throughout the Country where coal is easily available, 
and a network of gas mains distributing clean gas at 
high pressures over long distances, is an accomplish- 
ment of the future. Already sufficient knowledge is 
at hand to prove the practicability of this endeavor. 
Two gas mains from Ohio to West Virginia, 300 miles 
long, distribute natural gas at relatively high pres- 
sure. Another natural-gas line, now under way, will 
be 450 miles long and will pass gas at 450 lb. pressure. 


The situation in the Ruhr district in Germany is es- 
pecially bright, these engineers feel. Throughout the great 
iron and coal district of the Ruhr, there are enormous coke- 
oven systems, resulting in the production of huge quantities 


of coke-oven gas. The proposed method of utilizing this 
gas, which is a by-product of the coke ovens, is to construct a 
main 450 miles long to transmit gas at 450-lb. pressure. 
The gas would be piped to the local gas companies serving 
towns and cities far away. 

It is claimed in the report that 


While the German situation is comparable to that 
in certain sections of America, a furtherance of the 
idea will prove to be much more practical. The erec- 
tion of giant gas-manufacturing plants, at the mine 
mouth or strategic points, will take the place of the 
German coke ovens. The coke that is made will 
then be utilized in the making of additional gas, by 
a process that has been proved economically sound 
for many years, with the result that these plants wil! 
be able to pipe large quantities of gas to the sur- 
rounding territories. 

There will be absolutely no waste attached to 
these huge gas-plants. The utilization of the coke for 
additional gas-making will solve the problem of its 
disposal in sections where there are huge batteries 
of coke ovens today. The other by-products of gas 
manufacture can be disposed of easily. These in- 
clude valuable fertilizers, perfumes, tar and the like. 


The gradual exhaustion of the natural-gas supply is a 
stimulus to the development of huge gas-plants. Already re- 
search is underway at the American Gas Association testing 
laboratory to determine the most economic means of mixing 
manufactured with the natural product.—Gas Progress. 
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Service Aviation, Aeronautical Engi- 
neering and Commercial Aviation 





By Evwarp P. WarNeEr' 


|p aergiongites- that the research and development work 
done in aeronautics by the naval and military ser- 
vices has had in the advancement of design and con- 
struction of airplanes and aircraft engines suitable for 
commercial operations is pointed out and exemplified 
by citing a few instances of direct adaptability of 
military types of airplane to commercial uses. Nearly 
all of this work would have been done much later or 
not at all if the airplane had been purely a commer- 
cial vehicle, but the constructor for purely commercial 
purposes and the commercial operator have had the 
benefit of it. Major fundamentals, such as _ speed, 
safety, reliability and economy, are the same in both 
types of aviation; divergencies between the require- 
ments for the two kinds of service begin to appear in 
materiel, personnel, or methods of operation only at a 
somewhat advanced stage of evolution. 

Although it is imadvisable, as a rule, to combine 
military and civil functions in one design, the methods 
of design and construction created for the naval service 
are largely suitable for commercial purposes, as many 
elements that enter into the designer’s work are inde- 
pendent of the use to which the finished machine is to be 
put. Progress grows out of specific knowledge, and the 
same procedure that suggests to the designer means 
for improving the performance of a military machine 
can point the way toward production of a safer and 
more comfortable passenger-transport airplane. 


mercial flying, it may be well to start with a frank 
recognition that in matters of detail the contrasts 
are more obvious than the similarities. Aside from the 
necessity for the best possible performance and great 
maneuvering ability in some service aircraft, the exigen- 
cies of naval operations have brought into being certain 
highly specialized accessories, such as aircraft carriers 
with their arresting gears and catapults, which in turn 
exert an influence upon the lines followed in the develop- 
ment of aircraft and their individual parts. The time 
may possibly come when the stimulation of study of those 
very accessories can be reckoned as one of the greatest 
services that the Navy has rendered to the non-military 
operator; but in commercial operation the use of cata- 
pults and arresting gears to shrink landing-fields within 
the compass of a city roof-top is still in the realm of 
imagination, a remotely conceivable prospect of the fu- 
ture, while in sea-going aviation the use of similar de- 
vices is an immediate reality ever to be regarded. 
Whether in materiel, in personnel or in methods of 
operation, however, divergencies between civil and mili- 
tary or naval operations begin to appear only at a some- 
what advanced stage of evolution, and up to that point 
we can a'l go along together with mutual profit. 
It is unnecessary to argue at length the debt that avia- 
tion owes to the developmental work carried on or en- 
couraged by the armed services. A few examples will 


I considering the relations between naval and com- 
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The author discusses the general question of the 
desirability of a specifically commercial type of air- 
plane engine that shall be less refined and less ex- 
pensive than the military types and indicates that 
safety, reliability and economy are objectives alike of 
commercial and military aviation. The problem of 
economy in first cost is tied up with economy of opera- 
tion. By simple financial analysis it is shown that an 
engine which weighs 2 lb. per hp. and costs $24 per 
hp. is on a commercial parity with one weighing 3 lb. 
per hp. and costing less than $12 per hp. A 10-per 
cent increase in weight of the airplane structure will 
be justified only if accompanied by a 20-per cent de- 
crease in total cost. The economic penalty on excess 
weight is too heavy at present to sanction any appre- 
ciable lowering, on behalf of air-transport operators, 
of the standards established by the naval and mili- 
tary services for the selection and working of mate- 
rials used in airplane construction. 

Since privately owned airplanes, on the other hand, 
are likely to be in the air relatively few hours per 
year and as first price rather than economy of opera- 
tion and upkeep is decidedly a factor in their pur- 
chase, an undoubted need exists for rugged, reliable 
and cheap powerplants for such machines, even though 
the low price is obtained at considerable sacrifice of 


efficiency. This is the field of low power and small 
size. 


suffice, and, in offering them, military flying can be 
treated as a whole. There is no necessity here for mak- 
ing a distinction between the shares that the Army and 
the Navy have had in the work, much of which indeed 
has been divided between the two services so that a line 
of demarcation would be hard to identify with exact- 
ness; nor for distinguishing between those pieces of 
work which have been carried on entirely within the 
services, those which have been carried on by private 
industry with direct service encouragement, and those 
which owe their inception to the expectation on the part 
of their promoters that service orders sufficient to pay 
the development costs would be forthcoming when a 
satisfactory article had been brought into production. 
In each of these instances Government interest has been 
an important, often indeed a necessary, factor, and the 
final result comes to the commercial operator or to the 
constructor for the purely commercial market as clear 


gain, with the expense of the experimental stage already 
covered. 


SINGLE DESIGN UNSUITED FOR DOUBLE PURPOSE 


That final result, useful in civilian flying, is not usual- 
ly a completed aircraft. Service types of airplane are 
unlikely to be directly applicable to air-transport, al- 
though there are exceptions even to that rule. Recent 
experience has demonstrated the feasibility of using 
high-speed observation-machines for mail-carrying with 
but little change in the fuselage arrangement, and large 
patrol flying-boats such as find place in the naval service 
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could be converted for oversea passenger-carrying with- 
out change except to the superstructure and the interior 
arrangement of the hull. Several weil-known European 
flying-boat designs have indeed been made up alternative- 
ly in military and commercial models, differing in no 
other respects than those just mentioned. It is the gen- 
eral rule, however, that it is inadvisable to unite the 
military and non-military functions in one design. If 
one aim is of predominant importance in the attack on an 
engineering problem, all other ends likely in any degree 
to conflict with that one should be, not merely subordi- 
nated, but so far as possible dismissed from consideration 
entirely, so that full attention can be concentrated on the 
primary object. The absence of any present or prospec- 
tive provision for a subsidy to commercial air-transport 
in this Country assures against the making of any effort 
to force the designer or user of commercial airplanes to 
give heed to their possible military or naval application. 
The time may come, as it has come for the merchant 
marine, when such duality of function can properly be 
considered to some extent, but commercial aviation now 
has its own problems, which are so important and so 
difficult as to command the fullest application of the 
energies of engineer and operator, whose attention should 
be free from distraction by any questions not purely 
commercial in their nature. 


WaAR-AIRPLANE RESEARCH HAS BROAD APPLICATION 


Although the complete airplane as developed by or for 
the naval service is unlikely to be directly usable for 
transport or other commercial purposes, the methods of 
design and construction created for the one prove largely 
suitable also for the other. Many of the elements that 
enter into the designer’s work are independent in their 
nature of the use to which the finished machine is to be 
put. Researches undertaken with the military airplane 
alone in mind are likely, in fact, to have a much broader 
application. A particular instance is found in the 
studies supported by the services with the object of 
determining the loads on aircraft structures in flight and 
the necessary structural design-factors for various kinds 
of flying. 

The intense concentration of scientific and engineering 
talent which was brought to bear on aeronautic problems 
during and immediately after the war produced results 
of immeasurable value not only in aeronautics but in 
other branches of engineering as well. The theory of 
the design of tapered struts and that of the action of 
the long continuous beam carrying combined lateral and 
direct loads, to mention only two instances, were greatly 
advanced in completeness between the years 1912 and 
1920. The progress made was primarily the fruit of 
those patriotic impulses which made students of struc- 
tural theory and other sciences in all countries lay down 
the work in which they had been specializing and turn 
to studies capable of aiding in the production of an 
airplane that would be more efficient as a military instru- 
ment. The results of their labors now stand available 
not only for application in commercial aircraft but in 
some instances for the work of the civil engineer as 
well, since methods originally devised with special refer- 
ence to airplane wing-spars have proved useful in the 
treatment of steel girders. 

Referring more broadly to aeronautical science as a 
whole and not to structural theory alone, practically all 
of the work included in the 500 reports and technical 
notes of the National Advisory Committee for Aero- 
nautics and in the 900 reports and memoranda of the 
British Aeronautical Research Committee, as well as in 





the corresponding documents in other countries, would 
have been done much later or not at all if the airplane 
had been purely a commercial vehicle; yet of ali this 
vast accumulation of material not 2 per cent is solely 
or predominantly military in its application. 


AIR SERVICE DEVELOPED INSTRUMENTS AND METHODS 


Not only researches on theory, but new types of con- 
struction also, have profited by Army and Navy support. 
The all-metal airplane is used quite as much in commerce 
now as in military flying, perhaps more, but it is safe 
to say that it would be used much less than it is in every 
sort of operation had it not been that the threatening 
shortage of aircraft lumber during the war gave special 
point to studies of the replacement of wood by metal. 
Out of those studies, carried on with greatest vigor 
in the European countries where the shortage was most 
threatening, emerged those general rules for the suppres- 
sion of secondary stresses to which metal construction 
in airplanes must still conform. From the large-scale 
research-work of the last 12 years there has come, too, 
an acquaintance with the detailed technique of handling 
the materials and forms that prove especially suited for 
aircraft work, and in some cases the very discovery of 
the materials themselves and of the details of their 
properties, as well as the creation of the industries 
producing them, is owing primarily to service aircraft- 
demands. The extensive work done on the characteristics 
of high-strength light alloys during the last 12 years 
is a case in point. 

Another series of connections binding together all 
varieties of aerial operations is found by going back 
another step toward the foundations of the aeronautic 
art, to the tools employed by the research worker in at- 
tacking the various specific problems set before him. 
Accurate data are now obtainable on the performance of 
airplanes, including all their properties of stability and 
control as well as their speed and rate of climb, only 
because of the availability of instruments and methods 
originally devised for making acceptance trials of mili- 
tary machines and analyzing their maneuvering powers. 
Progress grows out of specific knowledge, and the same 
procedure that serves to suggest to the designer means 
for improving the maneuverability of a fighting-machine 
can be invoked to point the way toward the production of 
a passenger-transport machine displaying maximum 
steadiness in flight and offering maximum comfort to the 
occupants of the cabin. Such work as that done by the 
National Advisory Committee for Aeronautics is of the 
greatest value in this connection, and it would hardly 
have been possible to undertake it with continuing gov- 
ernmental support had it been necessary for the appeal 
for such support to rest on commercial grounds alone. 


COMMERCIAL OPERATORS USE MILITARY-TYPE ENGINES 


That which is true of the airplane structure holds with 
even greater force for the powerplant, which is inter- 
changeable as a complete unit between military and com- 
mercial service. There has been much discussion in years 
past of the desirability of a special design of commercial 
engine, and there is undoubted need of rugged and reli- 
able but cheap and relatively inefficient powerplants to 
go into airplanes for private ownership. In the high- 
powered division, however, the desirability of a distinct 
school of non-military design is more than problematical, 
and whatever conclusion might be arrived at on academic 
grounds, the present fact is that civil aviation depends 
on engines devoted to the military market. There is not 
now in production anywhere in the world, so far as I am 
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aware, a single engine of more than 100-hp. output which 
was not designed and built with primary reference to 
sales for installation on military or naval airplanes. The 
modern air-cooled engine, on which commercial flying is 
coming to depend so largely both in America and abroad, 
is essentially the result of stimulation by the armed ser- 
vices, the first intensive work in that field in Europe 
during the war having been undertaken with reference 
to a specific type of military airplane and presumably 
with the ultimate adoption of the engine in three-engine 
transport-machines very far from anyone’s mind. It is 
unnecessary to remark upon the amount of progress 
made in increasing the reliability and life of both air- 
cooled and water-cooled engines in the last few years or 
upon the peculiarly proud share that American engineers 
have had in this progress. 

The general question of the desirability of a specifical- 
ly commercial type of engine that differs in some degree 
from the military model is one 
which has been discussed exten- 
sively in very recent years. As- 
suming a commercial demand 
large enough to justify incur- 
ring the preliminary develop- 







Government interest has been an 
important factor in aeronautical de- 





transport by air and that efforts should be concentrated 
not only on making air travel safer but also on making 
people believe that it is safe. The object should be to dis- 
sociate the word “thrill” from flying and to convince 
the potential customer that air travel is not only safe 
and sane, but that it positively approaches being staid 
and monotonous. 

The inbred reluctance against going up into the air 
persists, but the progress made in overcoming it in the 
last 3 years has been greater than I should have dared 
to hope at the beginning of that period. Safety has, 
it seems to me, given way to reliability and economy as 
the most serious barriers to a more rapid increase of 
public support. Reliability records are good, but they 
must be made much better and more nearly independent 
of unfavorable territory and weather conditions, and 
passenger rates must be lowered. Both of those conclu- 
sions have their bearing on the selection of the material. 

Insofar as reliability is de- 
pendent on the airplane and its 
engine, there is no reason for 
departure from military stand- 
ards. No commercial operator 





ment expense on such a special 
engine, the answer to this ques- 
tion would necessarily depend 
on a decision on what is funda- 
mental to the success of com- 
mercial flying, or specifically of 
commercial air-transport, and 
on the relative importance of 
the several fundamental quali- 
ties. On a ptfevious occasion 
when I discussed before the So- 
ciety the problems of commer- 
cial aviation, I listed’ its major 
elements as five in number: 
Speed, safety, reliability, econ- 
omy, and comfort. That classi- 
fication still stands, and indeed, 
with the substitution of the 
more general terms ‘“perform- 
ance” and “convenience of ar- 
rangement” for “speed” and 
“comfort” respectively, it holds 


velopment, and the final result comes 
to the commercial operator or to the 
constructor for the purely commercial 
market as clear gain. 

Service types of airplane are un- 
likely to be directly applicable to air- 
transport but researches, instruments 
of measurement, data, designs, mate- 
rials, and methods of construction 
conducted or evolved by the Army and 
Navy have been of immeasurable 
value to civil aviation. 

Fundamental major requirements 
for commercial airplanes are speed, 
safety, reliability, economy, and com- 
fort, and the first four of these are 
also requirements of military air- 
planes. 

The economic penalty on excess 
weight in commercial airplanes is too 
great at present to sanction any appre- 
ciable lowering of standards set by the 
naval and military services for the se- 


can possibly be more interested 
in the continued functioning of 
this engine than is the pilot who 
flies a land-type airplane away 
from a carrier and out over the 
sea. Neither for saving of 
money nor for saving of weight 
can the services afford to take 
appreciable added chances of en- 
gine failure during the progress 
of a flight. 

It is in connection with econ- 
omy that doubt begins to arise. 
May it not be that the modern 
aircraft-engine costs more than 
it is worth commercially, as 
compared with one of cheaper 
and heavier construction, with 
more cast iron and fewer dura- 
lumin and alloy-steel forgings 
machined all over? May it not 
be that the quest for maximum 


for military flying as well. It 
may seem a little surprising 
that economy is included as a 
military virtue, but, quite aside 
from the fact that economy in the procurement of mili- 
tury supplies is always desirable and to be sought for in 
itself, low first-cost symbolizes the possibility of quick 
and easy production in quantity in the event that this is 
made necessary by the demands of war. 


PROBLEM OF A CHEAPER COMMERCIAL POWERPLANT 


One can hardly arrange in order of their importance 
sthe five qualities listed, for it is essential that a reason- 
ably satisfactory performance be attained under each 
head. It is possible, however, to discuss the relative 
degree of our present advancement in the several re- 
spects and to consider where we should seek most vigor- 
ously to raise the standard. Three years ago when I 
addressed’ the Metropolitan Section at an aeronautic 
meeting, I expressed the view that fear of the air acted 
as the most serious barrier to the spread of passenger 


2 See THE JOURNAL, February, 1923, p. 155. 
®See THE JOURNAL, April, 1924, p. 457. 


lection and working of materials. 







efficiency in flight leads to the 
adoption of methods of airplane 
construction that are unneces- 
sarily elaborate and expensive 
and that are unable to justify 
themselves in a field where the goal is the showing of a 
balance in black instead of red at the end of a year? 

The question of how much could be saved, either in 
the engine or in the airplane, but especially in the former, 
by adopting cheaper materials and simpler and cruder 
forms is somewhat speculative, as the answer depends on 
how large a production could be maintained. The ques- 
tion, however, of how much must be saved to justify such 
a change of practice can be answered specifically for any 
given set of conditions. There need be no dependence on 
guesswork or judgment. 

The problem of how much it costs to carry an extra 
pound of weight throughout the life of the airplane, and 
of the sum which, subtracted from first cost, has a pres- 
ent worth equal to that of. the gradually accumulating 
amount representing additional fuel and maintenance due 
to the added weight, lends itself to relatively simple 
financial analysis. The exact result depends on how 
many hours per year the machine is in the air, on the 
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life of the flying equipment and on the proportion to the 
total number of trips borne by trips on which a full load 
is carried. On the average, however, a 1-lb. reduction in 
engine weight is worth about $15 in first cost under pres- 
ent conditions, while a corresponding reduction in air- 
plane-structure weight has a cash value of about $20 or 
a little more. Putting that into terms of unit weights 
and costs, it means that an engine which weighs 2 lb. per 
hp. and costs $24 per hp., which is a good average for 
modern airplane powerplants of moderate power, is on a 
commercial parity with one weighing 3 lb. per hp. and 
costing less than half as much. I believe there will be 
agreement that such an engine could scarcely be built 
except in very large production. 


EXCESS WEIGHT PENALIZES LOWER STANDARD 


On the airplane-structure side, $10 per lb. of weight 
may be taken as an average of cost for commercial air- 
planes in lots of 20 to 50 after the engineering and de- 
velopment costs have been absorbed. A 10-per cent 
increase in structural weight would be justified only if 
accompanied by a decrease in total cost of a little more 
than 20 per cent, or from $10.00 to about $7.50 per Ib. 
in terms of weight. For the air-transport machine there 
seems to be solid economic ground for the remark, origi- 
nally offered as a casual expression of opinion and with- 
out analytic backing, of a British designer of my 
acquaintance, that he would “spend a pound to save a 
pound any time.” It seems that the economic penalty on 
excess weight is too heavy at the present time to sanc- 
tion on economic grounds any appreciable lowering of 
the standards set by the naval and military services for 
the selection and working of materials. The use of 
“military” engines on airlines need not be explained away 
as an accident of convenient availability. 

Such a conclusion must, to be sure, be subject to cer- 
tain reservations. The calculation of the money vaiue 
of weight-saving was based on certain specific assump- 
tions, one of which was a substantial continuity of use 
of the equipment throughout the year. The results apply 
only to regular air-transport. Furthermore, a sufficient 
financial reserve to obviate worry over increased first 
cost, provided it brings a commensurate saving in oper- 
ating expenses, is assumed. The best may be cheapest in 
the long run, but it does very little good to reiterate 
that fact to the man who has not, and cannot raise, the 


money to buy the best. bean sa REP 


small size. The Army or Navy may find uses of their 
own for a low-powered engine, one of 100 hp. or less, 
and if they do they may be able to draw upon the 
results of design work initiated with a commercial aim, 
so making direct return to the services in exchange for 
the profit that commercial aviation has drawn from mili- 
tary experience in the past. 


Must CONVINCE PUBLIC OF AVIATION’S RELIABILITY 


Passing over various other developments such as 
methods of navigation and ground aids to air-transport, 
that have also been made in large part, at least, by or 
with the assistance of one or other of the Air Services, 
another phase of the relation between military and com- 
mercial aviation which is wholly outside the field of 
material and not directly connected with the work of the 
automotive engineer, except insofar as the engineer is 
himself directly interested in the progress of air-trans- 
port, is the psychological aspect. 

A statement which has been made to the effect that 
it would have been better for public interest in aviation 
if airplanes had never been used in the war, is open to 
debate. Certainly the airplane would not have been 
developed nearly so far, and not nearly so much aero- 
nautic research would have been carried on, if there had 
been no possibility of military use of the airplane, but 
it is true that the nature of military and naval flying 
and of the reports that are made on such flying are not 
always directly encouraging to public use of the airplane 
for passenger transport. This is only in part the neces- 
Sary consequence of the nature of the work of the Air 
Services, in which some kinds of flying are done in which 
most citizens have no desire to participate. All who are 
especially concerned with service or commercial aviation 
should do what they can to indicate to the public that the 
important thing, whether in military or civilian flying, 
is not so much the sensation of the moment as it is the 
steady operations that are carried on day after day, 
month after month, year after year, and which have very 
little news value. 

Not only in commercial flying, which goes on over one 
route day after day, but in the Service as well, it should 
be made plain to those who are not directly connected 
with aviation that the important feature is the work 

hat goes on continuously, and that such performances 
as that which was recognized in the presentation of the 
Schiff Trophy to Captain Campbell for his performance 


consideration, or in an operation in which use of the (in flying 840 hr. in regular Marine-Corps operation dur- 
equipment is likely to be intermittent, the market for-\ ing the year with no damage of any kind to the airplane 





something low priced begins to appear.. In such cases 
continued employment of surplus war-equipment instead 
of a more modern and more efficient product is clearly 
justified. 

Since privately owned airplanes are likely to be in the 
air relatively few hours per year, and as price on its own 
account, unbalanced against upkeep charges, is decidedly 
a factor in their purchase in most instances, it is in 
these machines that the need for low price, even though 
obtained at a considerable expense in efficiency, is most 
clear. This is, of course, the field of low power and 


i poses, 


and, of course, no injury to anyone of the personnel. are 
of the real essence of Service operations. In proportion 
as we can convince the public that aviation goes on con- 
tinuously, has a definite and continuing work to do and 
is important even when it does not get into the newspaper 
headlines, we shall be able to lead people to think of the 
airplane as something they can use for their own pur- 
to bring them to increasing realization of the 
importance of commercial aviation and to take an in- 


creasing interest in its development and extension in the { 


United States. 
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f Yombdy of metals with X-rays, as made at Water- 
town Arsenal, are of two classes: (a) radiographic 
tests in which photographic images of internal details 
of the gross structure are obtained and (b) diffraction 
tests in which images are obtained that may be inter- 
preted to give information regarding details of micro- 
structure of the constituents in the metal. The present 
paper deals with tests in the first class. Diffraction 
tests will eventually result in steels that have better 
physical properties required for special applications 
in industry, but such improvement must be accom- 
panied by elimination of defects in the gross structure 
of forgings and castings before the greatest utility of 
better steels can be realized. 

Radiographic testing gives pictures of defects where- 
by the nature of the defects can be determined, but 
their causes must be sought by logical deductions from 
other information. Cast-steel ingots are too large for 
study by X-ray methods, and forgings are not suited 
to these tests because the rolling reduces the defects 
in the ingot to too small a size for detection. It is 
more important to understand the nature of defects 
in structural units which are familiar as steel castings, 
hence the tests are of fundamental importance in 
studies tending to improve the gross structures, and 
are of importance also in certain kinds of inspection 
testing. 

The test method involves merely taking X-ray pic- 
tures and interpreting them. Blow-holes, cracks and 
sand inclusions in the metal are revealed as dark spots 
on the negative. The apparatus used and the method 
of making the photographs are illustrated and de- 
scribed. Cavities revealed by the negatives result 
from various causes, as by a gas or. by shrinking of 
the metal while cooling and insufficient size or im- 
proper placing of heads or risers intended to supply 
additional metal in the casting to offset shrinkage. 


OME confusion regarding the purposes that the 
X-ray testing of metals accomplishes seems to exist 
in the minds of many who are not in direct contact 

with this work. As we have used them at Watertown 
Arsenal, X-ray tests are divided into two general classes: 
(a) radiographic tests in which X-rays are used to obtain 
photographic images of internal details of gross struc- 
ture and (b) diffraction tests in which X-rays are used 
to obtain photographic images that may be interpreted to 
give information regarding details of micro-structures 
of the constituents in the metal. This paper will deal 
mostly with tests in class (a). 

The use of X-rays for diffraction tests has developed to 
such an extent that it is recognized as a definite branch 
of metallography. It has given us new concepts of the 
micro-structures in metals. It has enabled us to under- 
stand much that previously was obscure as to the nature 
of the effects produced by thermal treatments of steel. 


1 Research physicist, Watertown Arsenal, Watertown, Mass. 


Cracks are revealed by X-rays as a series, some of 
which may not come to the surface, and are therefore 
very difficult to remove completely by welding. -It is 
often necessary as a means of preventing repetition 
of such defects in castings from a given pattern, to 
correct the casting design. 

As the cost of making radiographs is from $1 to 
$5 per picture and often from 40 to 50 pictures are 
needed for study of a single large casting, the method 
is slow and expensive; but in some cases it is justified 
as a means of inspecting an individual casting to as- 
sure against a serious accident. It may be used as a 
routine method of inspection of many small types of 
castings or of larger castings of simple design. Its 
great value lies, however, in developing better tech- 
nique in the making of castings through the study of 
a few pilot castings. The expense of the test is re- 
turned to the foundry, often many times, in the reduc- 
tion of rejections. 

This method of X-ray testing tells nothing of the 
physical properties of the metal except as these are 
affected by the presence of defects in the gross struc- 
ture, but the elimination of these defects through study 
may result in the realization in the castings of the 
intrinsic strength of the metal. The true strength 
of a steel casting is governed to a greater extent by 
the presence and location of gross structural defects 
than by the intrinsic strength of the metal, which can- 
not be realized in the strength of the casting until 
gross defects of structure can be eliminated. Alloy- 
steel castings may be little better than plain carbon- 
steel castings, as their strength is governed by the 
presence of gross defects. It seems to be poor econ- 
omy to put expensive alloy-steels into poorly made 
castings. It is more important to seek to improve 
manufacturing methods than to seek to improve the 
intrinsic properties of the metal of the casting. 


It has clarified our ideas concerning the nature of the 
much-discussed steel constituents; martensite, troostite 
and sorbite. We have gained definite concepts. of the 
manner of occurrence of elastic and plastic deformations. 
We can visualize, as we cou'd not before, the atomic re- 
lationships involved whereby only a fraction of 1 per 
cent of carbon added to iron changes this relatively weak 
material to steel, our strongest structural material. 

The eventual results from the studies that are being 
made in our own and other laboratories may be steels 
that are stronger and more resistant to abrasion and 
shock, and that will have other improved physical prop- 
erties required for special applications in industry. We 
have recognized, however, that improvements in the prop- 
erties of steel must be accompanied by other improve- 
ments in the quality of manufactured units; that is, the 
strength of a forged bar containing seams or microscopic 
cracks will be governed to a greater extent by these de- 
fects than by the intrinsic properties of the steel in the 
bar. Seams and cracks are details of gross structure. 
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Probably a greater need exists at present for the elimina- 
tion of structural defects than for the development of 
new steels. The need for better intrinsic properties will 
be postponed and the greatest utility of improved steels 
cannot be realized until such defects are eliminated. 


PICTURES SHOW NATURE OF DEFECTS 


The elimination of structural defects requires, pri- 
marily, clear concepts of their natures and causes. No 
single experimental method will give the complete infor- 
mation desired. Radiographic testing gives pictures of 
the defects that serve, in most cases, to determine their 
natures. The causes must be sought by logical deduc- 
tions from other, information. 

All steel is cast initially. Much of it is later forged, 
rolled or otherwise shaped. The rest is molded directly 
into the structural units familiar as steel castings. These 
castings may be studied by X-ray methods. Ingots are 
too large for present radiographic tests, and forgings are 
not suited to these tests because the defects have been 
reduced, by working the metal, to a size too small for 
detection. However, it is more important to understand 
the nature of defects in castings than in forgings, be- 
cause it is in the casting that the defect is first formed. 
If the casting can be made free from defects, the forging 
will be free from most of its defects. Radiographic tests 
are of fundamental importance in studies tending to im- 
prove gross structures and are of importance also in cer- 
tain kinds of inspection. 

The test method involves merely taking X-ray pictures 
and interpreting them. It rests upon the fact that 
X-radiation penetrates matter that is opaque to visible 
light. Metals absorb the radiation very rapidly, as light 
is absorbed in a heavy fog, but if there is a blow-hole, 
a crack or a sand inclusion in the metal, the radiation 
that goes through the defect will be absorbed to a less 
extent than the radiation that goes through the adjacent 
sound metal. Consequently, if a photographic film is in- 
terposed to intercept the emergent beam after it has 
passed through the metal, regions of greater photo- 
graphic density will appear on the negative after de- 
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Fia. 1—X-Ray TUBE AND ELECTRICAL CONNECTIONS 
The Coolidge Tube Contains a Tungsten-Filament Cathode, a, and a 
Massive Tungsten-Anode, b. Electric Current from a Transformer, 
c. Heats the Filament, from Which the Heat Liberates Electrons. 
These Are Driven to the Anode, or Target, at Great Velocity by 
Rectified Potentials from a Second Transformer, d, Applied between 
the Cathode and the Anode. Absorption of the Energy of the Flying 
Electrons When They Strike the Target Produces X-Radiation, 
Which Goes Out in All Directions 
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Fic. 2—METHOD OF MAKING RADIOGRAPHS 
A Sensitized Film, e, Is Placed under the Steel Casting and X-Rays 
f from the Target b Are Directed through the Wall of the Casting 
upon the Film. Defects, Such as Cavities and Blow-Holes g, Permit 
the Rays To Pass More Readily than the Solid Metal and Are 
Revealed by Dark Spots on the Negative 


velopment. These black spots on the film are the images 
of the defects. It is necessary then to interpret them. 


THE APPARATUS AND METHOD OF USE 


The apparatus used is relatively simple. It consists 
essentially of an X-ray tube and apparatus for supplying 
necessary electrical energy to the tube. The tube used 
is the well known Coolidge X-ray tube developed by Dr. 
W. D. Coolidge in the General Electric Research Labora- 
tories at Schenectady. The tube and a diagrammatic 
representation of the electrical connections are shown 
in Fig. 1. The tube consists of a highly evacuated cham- 
ber that contains a tungsten filament, a, which is the 
cathode of the tube, and a relatively massive piece of 
tungsten, placed at b, which is the anode. The filament 
is heated by electric current from a transformer, c. 
The hot filament liberates electrons which are driven to 
the anode, or target, as it is usually called, by rectified 
potentials from a transformer, d, applied between the 
hot-wire cathode and the massive tungsten-anode or tar- 
get. Under the high potentials applied, the electrons 
acquire very great velocities and strike the target with 
considerable energy. The absorption of the energy of 
the flying electrons when they strike the target gives 
rise to X-radiation, which goes out in all directions from 
the area of impact on the face of the target. To obtain 
radiation of sufficient penetrating power to make pictures 
through about 31% in. of steel, potentials of 200,000 to 
250,000 volts are applied. 

The method of using this apparatus for radiographing 
a casting is illustrated in Fig. 2, in which the sensitive 
film e is placed under the casting and X-rays f from 
the tungsten target b are directed through the wall of 
the casting upon the film, which, upon development, re- 
veals the blow-holes g shown. A print from a typical 
negative taken in this way is shown in Fig. 3. The black 
spots are images of gas cavities. The casting in which 
they were present was cut open for further study and 
some of the cavities may be seen in Fig. 4, reproduced 
from a photograph of the cut section. While it was im- 
portant to know that the cavities were present, it was 
more important for our purposes to know what caused 
them and how they could be prevented. 
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INTERPRETATION OF DEFECTS AS TO CAUSES 


It is not the intent to present in this paper a lecture 
on foundry practice, but, to give a full understanding of 
these tests and their real usefulness, it is necessary to 
touch here and there on their applications in the foundry. 
Fig. 4 serves to illustrate how the radiographic tests are 
used. It was noticed that the cavities in the cut sections 
were for the most part bright-walled and for this reason 
must have been made by a reducing, rather than an 
oxidizing, gas. In addition, many of the cavities con- 
tained a black deposit which, on analysis, proved to be 
carbon and molding sand. It was evident, therefore, that 
the cavities were caused by the presence in the molten 
metal at the time of pouring of some molding-sand carry- 
ing a carbonaceous binder; that the carbonaceous ma- 
terial had broken down in the presence of the hot steel 
and formed carbon-monoxide gas, which left a_ solid 
residue of excess carbon and the silicon dioxide which 
were found in the cavities. After finding the cause of 
the trouble, the foundry engineers were able to devise a 
remedy. 

Another typical casting-defect is shown in Fig. 5. In 
this case the cavities were caused by the shrinking of the 
metal at the time of solidification. Shrinkage cavities. 
which are well enough known, result from the fact that 
steel occupies less volume in its solid condition than when 
liquid. Since solidification starts at the surface, these 
cavities occur in the interior, which is the region last to 
solidify, to make up for the loss in volume. That castings 
may be free of such defects, it is the practice in foun- 
dries to cast, as integral parts of the casting, enlarged 
members which are last to solidify and hence should con- 
tain the shrinkage cavities. These members, called vari- 
ously heads, sink heads or risers, are later cut off. The 
casting itself should be sound. Unfortunately, the 
risers do not always function as intended, due sometimes 
to incorrect dimensions, sometimes to incorrect placing, 
and sometimes to other causes. In such cases defects 
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Fic. 4—CuT SECTION OF CASTING EXPOSING 
CAVITIES 


When the Casting Was Cut on Sections through 
Defects Revealed by the Radiograph Repro- 
duced in Fig. 3, the Cavities Exposed Were 
Bright-Walled, Which Indicated That They Were 
Caused by a Reducing Gas Rather Than an 
Oxidizing Gas. Some of the Cavities also Con- 
tained a Black Deposit. Upon Analysis, This 
Proved to Be Carbon and Molding Sand, from 
Which It Was Evident that the Cavities Were 
Caused by Presence in the Molten Metal of Some 
Molding Sand Containing a Carbonaceous Binder 


like those shown in Fig. 5 may occur. The remedy, as 
with the gas cavities, must be worked out by the foundry 
engineer. 

Among the most difficult of defects to deal with are 
cracks like those illustrated in Fig. 6. The significant 
fact that radiography has revealed in connection with 
such defects is that there is usually not one crack but 
a series of cracks, some of which may come to the surface 
but many of which do not. It is the custom to weld 
cracks when they are observed. However, usually only 
one crack is seen on the surface and often only part of 





Fig. 3—PRINTS FROM TYPICAL X-RAY NEGATIVES 


The Black Spots Are Images of Gas Cavities in a Casting 
for an 1100-Lb. Demolition Bomb To Be Carried by an Air- 
plane. The Large Lighter Spot to the Upper Left of the 
White Figure 1 in the Right-Hand Picture Shows a Sand 


Inclusion. The Indistinct Markings at the Bottom Are Small 


Pipe-Cavities. Similar Defects in Subsequent Castings Were 
Eliminated by Manufacturing Technique. These Cavaties Are 


Shown in the Edges of the Cut Castings in Fig. 4 














that one. For instance, in one case a crack was traced 
for a distance of about 15 in. by means of X-ray pictures, 
although only 4 in. of it was visible on the surface. In 
another case a system about 21 in. long showed only 9 
in. on the surface. The only sure way to prevent repeti- 
tion of such a defect is to remove the cause. Incorrect 
casting-design rather than mistakes in foundries is very 
often the cause of cracks. This fact has been recognized 
by the engineers of one large construction company, 
which is making an effort to modify designs of important 
castings to make them less susceptible to casting defects. 


Too EXPENSIVE FOR ROUTINE TESTING 


Such examples o: defects could be cited indefinitely 
but those shown will suffice to illustrate the important 
points in making the tests in the laboratory. There are, 
however, some more general considerations in connection 
with radiographic testing. The question is often asked, 
What is the greatest usefulness of the tests? As I see it, 
the radiography of cast metals cannot be a method of 
routine testing except in certain special cases because of 
the expense. It costs from $1 to $5 per picture, and often 
40 or 50 pictures are required to study a casting. Asa 
method of inspection it is slow; sometimes a week is 
required to inspect a single piece. Nevertheless, in some 
cases these considerations are counterbalanced by others 
that are more important. For instance, in one case a 
casting was to go into a service in which, if it failed, 
losses of several hundred thousand dollars might result. 
In another case castings were made to withstand 1200-lb. 
steam-pressure and the failure of a casting might result 
in an explosion that would wreck a $10,000,000 plant. 
The cost of the test may amount to many times that 
of the casting, but in such circumstances it still is eco- 
nomical. The cost is properly chargeable to insurance, 
or perhaps assurance. On the other hand, routine testing 
may often be applied as a method of inspection of many 
types of small casting or of larger castings of relatively 
simple design where the cost of testing is not excessive. 
Whether the tests can be made economically may be de- 
cided in most instances upon a study of the individual 
‘asting with reference to the service it is to render. 





Fic. 5—PIPEps IN BOLT FLANGE OF A STEEL CASTING 
The Mottled Area at the White Figure 1 Is the Image of a Large 
Cavity, or Pipe, Caused by Shrinking of the Metal while Solidifying. 
Smaller Cavities Are Shown at the Lower Center. Such Defects 
Are Commonly Due to Incorrect Dimensions or Placing of Heads 
or Risers Intended To Supply Additional Molten Metal to the In- 
terior of the Casting as It Cools 
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Fic. 6—SYSTEM OF INVISIBLE CRACKS REVEALED BY X-Rays 
These Were in an Important Part of a Casting for a 16-In. Coast- 
Defense Gun and None of the Cracks Were Visible on the Surface. 
It Is Significant That Radiography Has Shown That Cracks Usually 
Occur as a Series and That Many Do Not Appear at the Surface, 
While Others That Do Show Are Often Concealed for a Large Part 
of Their Length, Hence Welding Does Not Always Fully Remedy 

the Defect 


VALUABLE FOR DEVELOPING BETTER CASTING-DESIGNS 


The value of the method in developing manufacturing 
technique is more easily demonstrable. It has been the 
experience at Watertown that casting defects that are 
removed by correcting manufacturing technique tend not 
to recur. When the method is used to develop a proper 
method of manufacture by a study of a few pilot castings, 
the expense of the tests is returned to the foundry, often 
many times, in the reduction of rejections. At the same 
time, the consumer profits by receiving dependably sound 
material. Such use of the X-ray test-method is war- 
ranted only if enough castings are to be made from the 
same pattern to justify the expense of the development 
work. When a proper manufacturing method is developed 
for certain types of casting, there are likely to be re- 
turns on other castings that have not been subjected to 
X-ray study. This arises from the education of per- 
sonnel as the result of intensive study of causes of de- 
fects in the castings that are examined. Some of the 
information obtained is transferred more or less uncon- 
sciously to the manufacture of material that is not sub- 
jected to the X-ray test. It was found, for instance, that 
notwithstanding a declining volume of production in the 
arsenal foundry, the cost per pound of making castings 
had been reduced steadily. This reduction in cost was 
due to a lessened number of rejections of castings that 
had not been subjected to development study but had 
undoubtedly profited from studies made on other cast- 
ings. 

A question that has heen asked is, Have X-ray- 
developed castings proved their superiority in actual ser- 
vice? It is perhaps somewhat too early to be certain, 
but in the most conspicuous case where the method has 
been relied upon to give serviceable materia', that of the 
1200-lb. steam-pressure installation previously mentioned, 
the castings have been in service for 2 years and a leak 
is yet to be found in any of the radiographed castings, 
although considerable trouble has been experienced in 
the same plant with other castings that carry less pres- 
sure and for this reason were not subjected to X-ray 
tests. 


DEFECT-FREE CASTINGS HAVE FULL METAL-STRENGTH 


It should be kept in mind in judging results from X-ray 
tests that this method tells nothing of the physical prop- 
erties of the metal of the casting except as these prop- 
erties are affected by the presence of cracks, cavities or 
other defects herein alluded to as details of gross 
structure. I mention this because some persons have 
had the impression that radiographic tests do give in- 
formation as to the intrinsic strength of the casting. 
This impression is erroneous, or perhaps involves a cer- 
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tain confusion of ideas. If by careful study, either by 
X-rays or other methods, castings are’developed that are 
free from gross defects, then the intrinsic strength of 
the metal may be realized in the strength of the casting. 
In this sense radiographic tests do give information as 
to the strength of the cast metal. There seems to be 
a tendency at present to feature alloy-steel castings. 
Such castings are desirable and necessary in some ser- 
vices but in many cases alloy steels have contained 


‘numerous shrinkage cavities, gas pockets, sand inclu- 


sions, and cracks. Such castings are no doubt somewhat 
stronger than if they had been made of plain carbon- 
steel, but not much stronger; the gross defects are the 
determining factors in the strength of such castings. It 
seems a waste of good material to put expensive alloys 
into poorly made castings. 

Results obtained from studies of forged materials have 
not been encouraging. Defects in these materials are of 
a nature that renders them very difficult to detect by 
radiographic tests. Large cracks may be found but 
usually those most feared are not large. The forging 
operations close up blow-holes though the walls and the 
flattened-out cavities often are not welded. 


HIGHER STANDARD IN CAST STEEL RESULTING 


Besides the specific results, some general aspects of 
the application of X-ray inspection-tests are encourag- 
ing. Because of the emphasis that has been placed on 
internal gross defects, pressure has been brought on the 
foundries to eliminate them. This pressure has stimu- 
lated intensive study by other than X-ray methods. The 
consumer may obtain the X-ray picture and study it at 
leisure. It reveals defects in a way that he can appreci- 
ate. Usually he has no means of breaking or sawing 
castings for study, but he can take the X-ray results 
into a committee meeting for examination. Results that 
seem to be working out are that structural engineers 
are obtaining a better understanding of the problems of 
the foundryman and the foundries are learning how to 
make castings that meet the requirements of the engi- 
neer. A definitely higher standard of quality in cast 
steel has resulted from this cooperation and from in- 
tensive development-studies in the foundries. “Perfection 
has not been reached, nor closely approached, but the 
outlook for further improvement is encouraging. 

In a broad sense we feel that in this work we have 
been contributing toward the economic strength of the 
Country. In the markets of the world it will perhaps be 
increasingly difficult for us to compete successfully with 
other countries in finished products unless our manufac- 


tured material has an element of quality that is not found 
in competing products. Such studies as are being made 
in the attempt to improve cast,.metal cannot but be of 
definite value in this matter of quality. 


THE DISCUSSION 


QUESTION :—Do not the X-rays have a harmful effect 
upon the operators? 

Dr. H. H. LESTER:—We keep the X-ray tube in a room 
lined with 12 tons of lead. The operator looks at the 
machine through a periscope. With proper protection 
the operator is not necessarily exposed to danger. 

QUESTION :—What is the cost of an X-ray-testing ap- 
paratus? 

Dr. LESTER:—The X-ray apparatus itself costs about 
$8000, and auxiliary equipment about $2000, making an 
investment of $10,000, exclusive of the building. 

QUESTION :—Can other metals than steel be X-rayed? 

Dr. LESTER:—Most of our work has been with steel, 
but so far as I know there is no essential difference in 
the technique for other metals. Some metals are more 
opaque to X-rays than others. 

QUESTION :—Do you use the fluoroscope? 

Dr. LESTER:—No, it is difficult to use and can be used 
practically for thicknesses of metal not greater than % 
or 34 in. 

QUESTION :—Would it not be practical to use the fluoro- 
scopic method on small castings like those used in an 
automobile? 

Dr. LESTER:—There is more hope for the fluoroscopic 
method in the case of automobile castings. Perhaps 
tires, insulation of wires and carbureter mechanisms 
can be so examined. 

QUESTION :—To what extent do you use the X-ray 
method at the Watertown Arsenal? 

Dr. LESTER :—The latest rule is that every new casting 
must be subjected to the X-ray test. Formerly we X- 
rayed only every important one. We also examine all 
important castings purchased outside, if possible. 

QUESTION :—Can this X-ray work be done anywhere? 

Dr. LESTER:—It can be done best in a room properly 
designed for the work. The equipment usually is too 
bulky to take into a shop. In some special cases that 
have arisen it was thought desirable to take the machine 
to the job, but the work was not done, largely because 
of the expense that would be involved. 

QUESTION :—What has the Bureau of Standards done 
in this connection? 

Dr. LESTER:—The Bureau has a radiographic machine 
but I do not know what work has been done with it there. 





MOTOR-VEHICLE EXPORTS INCREASE 


MONG the outstanding developments in the automotive 
industry is the fact that, in 1925, foreign countries bought 

more than 500,000 motor-vehicles, a gain of 39 per cent. 
over 1924. Exports of automobile passenger-cars from the 
United States alone during 1925, the last year for which 
complete official figures are available, amounted to 244,300. 
These had a total value of $184,900,534. During the same 
year 58,615 trucks and motorcoaches were exported having 
a total value of $37,703,250. In other words, this Country 


in 1925 exported 302,915 motor-vehicles having a total value 
of $22,603,784. 

The Department of Commerce is authority. for the 
statement that 24,564,574 motor-vehicles are registered in 
the world. Of this number, foreign lands now have but 
19 per cent, but their demand for motor transport is 
growing rapidly. Motor-vehicle factories are busy all over 
the world. At the same time American motor-vehicle ex- 
ports are increasing each month. 
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Dynamometer ‘Test of Brake-Drum 


Heat in Dual Wheels 


By C. W. Beprorp' anp ERNEst BLAKER? 





TRANSPORTATION AND SERVICE MEETING PAPER 


REMATURE failures in the summer of 1925 of 

inner-dual motorcoach tires and tubes on 20-in. 
wheels in which the brake-drum was directly under 
and close to the rim caused the rubber companies to 
undertake development work on tire beads, flaps and 
tubes; but no solution of the problem was to be found 
by a change of the rubber compound. The need for 
definite information regarding actual tire tempera- 
tures developed in road service led to extensive joint 
tests in Florida early in 1926 by a tire and a wheel 
company. In these tests a brake-drum temperature 
Was maintained as nearly as possible constant at 475 
deg. fahr. above atmospheric temperature by succes- 
sively accelerating the car and applying the brake. 
When it was judged that this temperature had been 
reached, stops were made to take thermocouple read- 
ings of the temperature. 

Realization that tests based on constant brake-drum 
temperature would not give as true a comparison of 
the heating tendency of different wheels and the effec- 
tiveness of heat-dissipating devices as tests based on 
constant brake-horsepower input, the B. F. Goodrich 
Co. undertook a series of tests with a Sprague dyna- 
mometer tire-testing machine. These were continued 
over a period of 3 months with apparatus described 
by the authors. Comparative tests were made on four 
different wheels, of which two were disc wheels, one 
20 in. and the other 24 in. in diameter. The other two 
were steel-spoke wheels of different types but both 
20 in. in diameter. Two ventilating fans were sup- 
plied with one of the latter wheels. Two cast-steel 
brake-drums, similar in other respects, but one having 
surface corrugations extending from the flange part 
way across the outside of the drum and the other hav- 
ing substituted for these corrugations a strip of Good- 


brake-drum heat was first seriously encountered 

in the summer of 1925 and occurred with 20-in. 
inner-dual tires on wheels having the brake drum directly 
under and close to the rim. No real difficulty was en- 
countered with 24-in. dual or 20-in. single tires, nor with 
dual tires used in light service with small drums or with 
the drums not directly under the rims. 

The rubber companies at once undertook development 
work on tire beads, flaps, and tubes, with little prospect, 
however, of making rubber a refractory material. No 
solution of the problem is to be found by a change of 
rubber or compound. 

Realizing the need for definite information regarding 
actual tire temperatures developed in road service, the 
Goodyear Tire & Rubber Co., through its highway engi- 
neer, G. M. Sprowls, and the Budd Whee! Co. conducted 
a series of extensive tests in Florida in the early part 


Prstcinum failure of tires and tubes caused by 





1 Manager tire-compounding division, B. F. Goodrich Co., Akron, 
Ohio. 


2 Manager, temperature-control department, B. F. Goodrich Co., 
Akron, Ohio. 
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rich superheat packing 1/32 in. thick, were also used 
in making the tests. 

The method of conducting the test and of taking 
temperature readings from the drum and the tire beads 
is described. In all tests 6-in. dual tires were mounted 
on the wheels and inflated to the standard pressure of 
80 lb. To obtain comparative data, variables were 
introduced by running the wheels at various road 
speeds, with and without standard tire-load, with the 
different drums and with and without the fans fitted, 
and, in the case of one of the steel-spoke wheels, by 
mounting a fan separately from the wheel and direct- 
ing its current on the drum at different angles. 

Data derived from the tests and presented in tables 
and charts lead, among others, to the conclusions that 
(a) “burned beads” cannot result from internal heat 
due to tire flexing but must be attributed to brake- 
drum heat; (b) excessive flexing due to under-inflation, 
heavy loading or high speed will accentuate the effect 
of brake-drum heat by decreasing the temperature 
gradient between the beads and the tread; (c) increase 
in the speed of rotation for a given brake-horsepower 
input increases the cooling properties of a wheel; 
(d) for the heat-dissipating devices tested, substan- 
tially the same relative improvement in cooling effect 
on all wheels was noted; (e) forced ventilation by 
external fans is indicated as an aid for dissipation of 
brake-drum heat, and the slower the speed of a motor- 
coach is, the greater should be the effect; (f/f) on the 
basis of constant brake-horsepower the wheels show a 
wider temperature difference than on the basis of con- 
stant brake-drum temperature but in the same order; 
and (g) comparison on the basis of constant brake- 
horsepower more nearly reflects the relative cooling 
properties of the wheels in actual service. 


of 1926, and circulated reports on them. These tests 
were carried out by maintaining as nearly as possible 
a constant brake-drum temperature of 475 deg. fahr. 
above atmospheric temperature. This brake-drum tem- 
perature was reached and maintained by cycles of rapid 
acceleration followed by deceleration by brake applica- 
tion, with stops to take thermocouple readings whenever 
it was judged by experience that the desired temperature 
conditions had been reached. 

It was clearly recognized from the first that tests 
based on constant brake-drum temperatures would not 
give as true a comparison of the different wheels or heat- 
dissipating devices as a test based upon constant brake- 
horsepower input. The difficulties of making road tests 
based on brake-horsepower as compared with the relative 
ease of testing on the basis of constant brake-drum tem- 
perature led to the adoption of the latter method, since 
it was evident that such a comparison would give valuable 
qualitative results. 

Early in April, 1926, the attention of the B. F. Good- 
rich Co. was called to the fact that its large Sprague 


160 


oo 


oe 


re 


ts 
ot 
t- 


ts 
ve 


ce 
le 


d- 
ue 


eee 


es 


Vol. X XI 


August, 1927 No. 2 





dynamometer testing-machine furnished a ready means 
of studying the effect of brake-drum heat on tire tem- 
peratures under known conditions of brake-horsepower 
input. Realizing the desirability of quantitative data, 
tests were started at once and continued over a period of 
3 months. The data here presented are offered in the 
spirit of service. They are in no way contradictory of 
previous reports but rather an amplification, in that they 
are more nearly comparable with actual road-service on 
motorcoaches and present more clearly the actual condi- 
tions that exist. 

The tests were performed on a special 25-hp. Sprague 
dynamometer tire-testing machine of 20,000-lb. capacity 
designed for testing truck tires, and were conducted 
under the personal direction of F. L. Haushalter, of the 
department of tests. The motor unit of the dyna- 
mometer, carrying the wheels and tires to be tested, as 
shown in Fig. 1, was mounted on a movable base whereby 
the tires were made to bear on a “road wheel” 1/300 
mile in circumference. This road wheel in turn was 
attached to the shaft of the generator unit, which was 
mounted on a fixed base. A Toledo scale of 20,000-lb. 
capacity was used to give load reading. The road wheel 
had a 14-in. face with grooves 0.2 in. deep and 0.5 in. 
apart. This wheel width permitted the dual tires to 
run in full tread-contact. The hub carrying the brake 
drum and the dual wheels was mounted on a fixed axle 
provided with standard Timken roller bearings, and the 
drive was by floating axle from the motor. The brake 
was of standard cast-steel Westinghouse Air Brake Co. 
type, with steel shoes. A horizontal torque-arm was 
attached to the brake and carried a fine-threaded hand- 


BRAKE-DRUM HEAT IN DUAL WHEELS 161 


- screw for varying the braking effort. 





Fic. 2—WHEEL A, DuaL Disc Type For 20-IN. Rim, FITTED WITH 
6-IN. TIRBS 


The free end of 
this torque-arm rested on a vertical support attached to 
a platform beam-scale of 500-lb. capacity. The torque- 





Fic. 1—SEtT-UP OF ELECTRIC-DYNAMOMETER TIRE-TESTING MACHINE 


The Motor Unit of the Dynamometer, Carrying the Wheel 
and Tires To Be Tested, Is Mounted on a Movable Base So 
That the Tires Can Bear Against a “Road Wheel” 1/300 
Mile in Circumference. This Wheel Is Attached to the 
Shaft of the Generator Unit, Which Is Mounted on a Fixed 
Base. A Toledo Scale of 20,000-Lb. Capacity Gives the Load 
Reading. The Hub Carrying the Brake Drum and Dual 
Wheel Was Mounted on a Fixed Axle Turning in Roller 


Bearings. The Drive Was by a Floating Axle from the 
Electric Motor. The Brake Was of Westinghouse Standard 
Cast-Steel Type with Steel Shoes. A Horizontal Torque-Arm 
Attached to This Carried a Fine-Threaded Handscrew That 
Provided Means for Securing Variations in the Braking Effort. 
The Free End of the Torque-Arm Rested on a Vertical Sup- 
port Attached to a Platform Scale of 500-Lb. Capacity Which 
Is Partly Shown in the Lower Right Corner 
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arm was mounted in a horizontal position and its length 
was chosen to give the following constant: 
Hp. = PN/1500 

where 

Hp. = horsepower developed in braking 

P = load on platform scale 

N = speed of wheel in r.p.m. 

The tare factor of the brake was checked frequently 

and found to be practically constant. 


WHEELS, FANS AND DRUMS USED IN TEST 


Comparative tests were made on four different wheels. 
Wheels A and B, of 20 and 24-in. diameter, shown in 
Figs. 2 and 3 respectively, were of standard dual right 
and left disc-pattern, which, when bolted together and 
to the standard hub, gave a Y-section, as in the cross- 
section in Fig. 4. They presented solid faces from hub 
to rim except for two small holes 180 deg. apart near 
the rims for projecting valve-stems. With the brake 
drum in position, the outer edge of the drum was in a 
plane about 114 in. from the plane of the outer edge of 
the rim flange over the drum. 

Wheel C, for 20-in. rims, was of the right and left 
disc-type for dual tires, but with the metal cut away, 
as shown in Fig. 5, in the parts between the rims and 
the inner ring containing bolt-holes in such a way as to 
form eight steel spokes in each section opposite each 
other. This wheel was interchangeable with wheels A 
and B on the standard hub, and with it were furnished 
two ventilating fans which could be bolted between the 
right and left discs so that the plates were opposite 
the openings or between the spokes. Fan. No. 1 had a 
steel band 154 in. wide and 20% in. in diameter sur- 
rounding the fan. It had eight veins shaped so as to 
cause circulation of air over the brake drum when the 
wheel was in motion. Fan No. 2, shown in Fig. 6, had 
a 3-in. steel band of the same diameter as in fan No. 1 
and which completely closed the space between the two 
rims. It had the same number of vanes but these were 
shaped so as to give increased circulation at the same 





Fic. 3—WHuHeEEL B, DuaL Disc TYPp For 24-IN. RIM, FITTED WITH 
6-IN. TIRES 
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fig. 4+—CrROSS-SECTION OF RIMS AND PORTIONS OF WHEEL AND 
BRAKE DRUM OF TYPE A AND B DvuaAL Disc WHEELS 
Clearance between the 20-In. Rim and a 17%4-In. Brake Drum Is 
% In. at One Point and 9/32 In. at Another Point. With the 24-In. 
Rim This Clearance Is 29/32 In. 


speed as compared with fan No. 1. These fans might 
have been added to wheels A and B but they could not be 
adapted to wheel D, and their use was therefore limited 
to wheel C. 

Wheel D, for 20-in. rims, had a hub and eight spokes 
comprised in a malleable casting, as shown in Fig. 7. 
The standard rims for the dual wheels were mounted 
directly on the ends of the spokes. A deflector band, 
2012 in. in diameter, completely filled the space between 
the two rims in the assembly. This deflector band was 
used in all tests of this wheel. 

Two cast-steel brake-drums, designated drum No. l, 
drum No. 2, were used. The former had the usual outer 
corrugated surface extending from the flange part way 
across the outside of the drum. Drum No. 2 was a 
similar drum but the corrugations were removed and re- 
placed by a strip of Goodrich superheat packing 1/32 in. 
thick, held in place by thin wire. The objects of this 
change were to (a) increase the space between the drum 
and the rim, thereby permitting greater convection cool- 
ing, and (b) decrease the direct radiation from the drum 
to the rim. 

‘Drum No. 1 was tested with each of the four wheels 
set up as received, that is, with a fan between the spoke 
discs of wheel C and with a deflector band between the 
rims of wheel D. Drum No. 2 was tested on the three 
20-in. wheels combined with a steel deflector-band that 
completely closed the opening between the two rims of 
wheels A and C to make the tests comparable with wheel 
D, which contained this band as a standard part. 


TEMPERATURE MEASUREMENTS AND METHOD OF TESTING 


Room temperatures in the neighborhood of the dyna- 
mometer were registered on a recording thermometer. 
Brake-drum temperatures and temperatures of the inter- 
face between the beads and rims were determined by 
thermocouples of copper-advance wire and a _ potenti- 
ometer indicator. Two pairs of thermocouples were 
mounted on the surface of the drums. The pairs were 
about 180 deg. apart and in each pair the junctions were 
separated by about 1 in. This was done for the purpose 
of obtaining check readings. 

Three thermocouples were placed under the tire bead 
which was directly over the brake drum and which, on a 
motorcoach, would be called the outer bead of the inside 
tire. Two thermocouples were, as a rule, placed under 
that bead of the second tire which corresponds to the 
inner bead of the outer tire on a motorcoach. 

In all tests 6-in. dual-tires were mounted on the wheels 
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and run under standard loading and inflation conditions. 
In tests run to constant brake-drum temperatures the 
braking effort was manipulated by a hand-screw to hold 
the brake-drum temperature constant until an equilibrium 
temperature was reached at the bead directly over the 
brake drum. Tests were then repeated, maintaining a 
constant brake-horsepower until a corresponding equilib- 
rium temperature of both drum and bead was attained. 
The results of both types of test naturally fall on the 
same curve. Check runs were made in sufficient number 
to check any point which was found to be widely out of 
line, while results which varied only slightly from their 
apparent true value were recorded as originally obtained. 
In this way a series of drum and bead temperatures, with 
corresponding brake horsepower, were determined. All 
data as given in the accompanying tables and charts 
are corrected for room temperature and given as rise in 
degrees fahrenheit above atmospheric temperature. 
This method of testing on the Sprague dynamometer 





Fic. 5—OneE Disc OF WHEEL C, WITH RIM 
Metal Is Cut from the Disc between the Rim and Inner Bolt-Hole 
Ring To Form Eight Spokes, Which Are Placed Opposite the Spokes 
in the Mating Disc in the Dual Assembly 


cannot be said to duplicate operating conditions on the 
road in every respect. Road conditions, however, are 
so widely varied that the dynamometer test is greatly 
superior. Such factors as radiant heat from hot road- 
surfaces, variable winds, variations in acceleration or 
deceleration, effect of wheel housings, and personal equa- 
tion of the driver are entirely eliminated or are main- 
tained constant. This modification of road variables 
to constant conditions for laboratory-test purposes is 
believed to be one of the most favorable aspects of the 
Sprague-dynamometer test. Windage from front to rear 
of a motorcoach, varying with speed, was also present 
in the dynamometer test due to rotation of the large 
road-wheel against which the wheels and tires were run. 
The fanning action of this road-wheel was constant for a 
given speed. Room temperatures during the tests varied 
between 74 and 91 deg. fahr., and corrections were made 
at every reading of wheel temperatures. 





Fic. 6—VENTILATING Fan No. 2 SUPPLIED 
WITH WHEEL C 
This Has Eight Vanes Which Fit between the 
Spokes of the Wheel and Are Shaped To 
Cause the Air To Circulate over the Brake 
Drum When the Wheel Is in Motion. The 
Vanes Are Encircled by a 3-In. Steel Band 
That Completely Closes the Space between 
the Two Rims of a Dual Wheel. This Fan 
and Fan No. 1 Might Have Been Applied 
to Disc Wheels A and B but Could Not be 
Adapted to Wheel D, Hence Their Use Was 
Limited to Wheel C 


FACTORS INCLUDED IN CHARTS OF RESULTS 


The dynamometer set-up for measuring brake horse- 
power and the resultant drum and bead temperatures 
permitted the inclusion of other factors than the constant 
brake-drum temperatures as used in previous road tests. 





Fic. 7—DvuAL WHEEL D, 20-IN. RiMs AND 6-IN. TIRES 
The Hub and Eight Spokes Comprise a Malleable Casting on Which 
Standard Demountable Rims Are Mounted Directly on the Ends of 
the Spokes. A Deflector Band 204-In. in Diameter and Completely 
Filling the Space between the Two Rims Was Used in All Tests of 
This Wheel 
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The effect of speed on the cooling action of the wheels, 
the relative action of various cooling-devices with vari- 
able brake-horsepower, the effect of tire heat as such 
and the effect of external fans as auxiliary cooling- 
attachments were also included in the tests. 

It would, therefore, be rather unwieldy to report the 
results of these tests by the same graphical methods as 
used by other investigators wherein only one point was 
obtained on a given curve. Moreover, the comparison of 
different wheels and cooling devices varies widely as the 
speed or brake horsepower increases or decreases. The 
complete picture of the result is, consequently, obtainable 
only by curves as shown in Figs. 8 to 15. Numerals 
placed on the individual curves refer to Tables 1 to 6 
for location of numerical data. 


The comparison of the four wheels as received, using 
standard drum No. 1, is shown in Fig. 8 at the left on the 
basis of brake horsepower versus bead temperature, and 
at the right on the basis of drum temperature versus 
bead temperature when tested at a speed of 30 m.p.h. 
It is noteworthy that the three 20-in. wheels maintained 
the same relative positions but quantitatively are farther 
apart on the brake-horsepower-bead-temperature curves 
than on the drum-temperature-bead-temperature curves. 
The relative order, however, of wheels B and D is re- 
versed by the two methods of graphing the data. Con- 
duction of heat from the drum to spokes, hub, axle, or 
other metal parts, as well as convection cooling of the 
brake drum itself, are two factors that are eliminated in 
any test based on constant brake-drum temperature, since 
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Fig. 8—COMPARISON OF HEATING OF FOUR WHEELS ON THE BASIS OF RELATION OF BRAKE-HORSEPOWER INPUT 
TO BEAD TEMPERATURE AND OF BRAKE-DRUM TEMPERATURE TO BEAD TEMPERATURE, AT A WHEEL SPEED EQUIVA- 
LENT TO A ROAD SPEED OF 30 M.P.H. 

Curves in the Chart at the Left Show the Relation of Brake Fan No. 1 
Horsepower to Bead Temperatures in Motorcoach Pneumatic Steel Band, 2 
Tires, and Those in the Chart at the Right Show the Relation Encircled by a 3x20%-In. Steel Band. Note That the Three 
of Brake-Drum Temperatures to Bead Temperatures. Letter 20-In. Wheels, A, C and D, Maintained the Same Relative 
B after the Numerals in the Circles Refers to Bead Tem- Positions but Are Farther Apart Quantitively on the Brake- 
perature in Table 1. In All Cases the Wheels Were Fitted Horsepower Curves Than on the Drum-Temperature Curves. 
with Cast-Steel Brake-Drum No. 1 Having an Outer Cor- The Relative Order of Wheels B and D, However, Is Reversed 

rugated Surface. In One Test Wheel C Was Fitted with by the Two Methods of Test 


Having Eight Vanes Encircled by a 1%x20%-In. 
and in Another Test Fitted with Fan No. 2 


TABLE 1—TEMPERATURE RISE IN BRAKE DRUM AND TIRE BEADS AT A WHEEL SPEED OF 30 M.P.H. 
LOADED TO 4400 LB. AND INFLATED TO 80-LB. FRESSURE 


Power Temperature Rise above Atmospheric Tempera- 


WITH DUAL TIRES 


Curve, Input, ture, Deg. Fahr. 
Wheel No. B.Hp. Drum Bead No. 1 Bead No. 2 

A, with Drum 1 4.13 247 120 39 

No. 1 6.49 359 189 
8.07 458 251 ihe 
C, with Drum 2 4.50 224 98 36 
No. 1 and Fan No. 1 6.50 320 148 39 
8.63 391 186 41 

C, with Drum 3 4.92 222 86 
No. 1 and Fan No. 2 9.05 381 154 in 
D, with Drum 4 5.12 211 82 49 
No. 1 6.50 269 103 55 
9.06 382 157 68 
12.59 465 210 80 
B, withDrum 5 4.03 252 95 60 
No. 1 4.52 268 103 62 
7.30 373 148 74 
7.97 393 156 78 
9.46 457 178 85 
A, with Drum 6 5.11 258 131 51 
No. 2 7.28 357 179 60 
9.24 469 239 73 

C, with Drum 7 5.52 262 105 
No. 2 and Fan No. 1 7.46 363 143 ia 
10.23 476 197 nis 
D, with Drum 8 5.10 204 66 39 
No. 2 6.50 279 90 48 
9.42 372 130 58 


12.28 440 172 65 
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Fic. 9—COMPARISON OF HEATING OF THREE 20-IN 


Brake Drum Temperature above Atmospheric deg. fahr. 


. WHEELS IN TESTS BY BRAKE-HORSEPOWER-INPUT AND BY BRAKE- 


DRUM-TEMPERATURE METHODS AT A WHEEL SPEED EQUIVALENT TO A ROAD SPEED OF 15 M.P.H. 


Both Charts Show the 
but Curves at the Left, 
Brake Horsepower 
at the Right, for 


Wheels in the Same Relative Order 
for Relation of Bead Temperature to 
Relation of Bead Temperature to Brake- 


*, Show a Larger Differential Than Curves 


Drum Temperature. 


Note That for the Same Brake Horse- 


power the Bead Temperatures Are Higher at a Speed of 15 


M.P.H. Than at 30 


2—TEMPERATURE RISE AT A WHEEL SPEED OF 15 M.P.H. 


M.P.H., as Shown by Comparison with 


Fig. 1. Drum No. 1 Was Used in All Cases 








TABLE WITH DUAL TIRES LOADED TO 4400 LB. AND INFLATED 
TO 80-LB. PRESSURE 
Power Temperature Rise above Atmospheric Tempera- 
Curve, Input, ture, Deg. Fahr. 
Wheel No. B.Hp. Drum Bead No. 1 Bead No. 2 
A, with Drum No. 1 9 2.52 205 111 44 
4.44 319 171 58 
6.47 434 248 74 
C, with Drum No. 1 10 2.52 200 106 46 
and Fan No. 1 4.50 310 157 48 
6.48 409 218 58 
D,with Drum No.1: 11 5.23 289 115 56 
6.48 361 155 70 
8.48 431 


in such a test sufficient added braking is used to nullify 
any difference there may be in two different wheels in 
this respect. This important consideration, together 
with the difference in spacing between the drum and rim 
o1 these two wheels, accounts for the change of order as 
shown in these two graphs. The data on the chart at the 
left in Fig. 8 take into consideration the relative cooling 
of the brake drums on the two wheels by both conduction 





203 87 








and convection and are, without doubt, more nearly com- 
parable with actual service conditions than the data 
given on the chart at the right. 


EFFECT OF SPEED VERY IMPORTANT 


Comparison of the three 20-in. wheels at 15 m.p.h., as 
shown in Fig. 9, and at 10 m.p.h., as in Fig. 10, again 
shows these wheels in the same relative order but with 
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Power Input, b.hp 





Brake- Drum Temperature above Atmospheric, deg. fahr. 


Fic. 10—EFFECT ON BEAD TEMPERATURE OF BRAKE-HORSEPOWER INPUT AND OF BRAKE-DRUM TEMPERATURE WITH 


20-IN. 


Relative Order of the Wheels Is Unchanged but at the Lower 
Speed the Bead-Temperature Rise Is Greater in All Cases 
and the Relative Effect of the Fan on Wheel C Is Apparent. 
For the Same Brake Horsepower the Bead Temperatures for 


WHEELS AT A WHEEL SPEED EQUIVALENT TO A ROAD SPEED OF 10 M.P.H. 


a Given Wheel Are Higher at 15 M.P.H. Than at 30 M.P.H., 
and the Temperature Rises More Rapidly at the Slower 
Speed as the Brake-Horsepower Input Is Increased as Will 


Be Seen by Comparison with Fig. 8 
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TABLE 3—TEMPERATURE RISE AT A WHEEL SPEED OF 10 M.P.H. 


TO 8O-LB. 


Power 

Curve, Input, 

Wheel No. B.Hp. 
A, with Drum No. 1 12 74 
».0/ 
C, with Drum No. 1 13 3.73 
and Fan No. 1 5.23 
6.50 
D, with Drum No. 1 14 4.73 
6.50 
7.77 


TABLE 4—TEMPERATURE RISE AT A WHEEL SPEED OF 























Power 
Curve, Input, 
Wheel No. B.Hp. 
A, with Drum No. 1 15 4.75 
6.60 
8.60 
C, with Drum No. 1 16 4.40 
and Fan No.1 6.60 
8.61 
D, with Drum No. 1 17 4.10 
6.60 
9.20 
12.20 
B, with Drum No. 1 18 4.94 
6.83 
9.07 
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Fic. 11—Errect 0F WHEEL SPEED ON RELATION OF BRAKE-DRUM AND 
BEAD TEMPERATURES 
The Cooling Action Increases with Speed of Rotation in All Three 
20-In. Wheels and the Relative Effect Is Substantially the Same in 
All. This Indicates that City Motorcoach Service with Frequent 


Stops Presents as Serious a Heat-Dissipating Problem as Intercity 

Service at Higher Speeds over Hilly Roads with Frequent Applica- 

tion of Brakes. In the Tests the Brake-Horsepower Was Main- 

tained Nearly Constant at 6.50 Hp. Drum No. 1 Was Used with 

Each Wheel. Letter D after the Reference Numerals in the Rings 
Refers to Drum Temperature in Table 5 





5—COMPARATIVE TEMPERATURE RISE WITH 20-IN. 
4400 LB. AND INFLATED TO 80-LB. PRESSURE, 


TABLE 


Power 
Curve, Speed, Input, 
Wheel No. M.p.h. B. Hp. 
A, with Drum No. 1 19 10 6.57 
15 6.47 
20 6.47 
25 6.56 
30 6.49 
C, with Drum No. 1 20 10 6.50 
and Fan No.1 15 6.48 
20 6.49 
25 6.50 
30 6.50 
D, with Drum No. 1 21 10 6.50 
15 6.48 
20 6.46 
25 6.57 
30 6.50 


30 M.P.H. 


WHEELS 
AND ONE 


No. 2 
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WITH DUAL TIRES LOADED TO 4400 LB. AND INFLATED 


PRESSURE 


Temperature Rise above Atmospheric Tempera- 
ture, Deg. Fahr. 


Drum Bead No. 1 Bead No. 2 
310 169 55 

475 285 91 

306 156 

402 221 

464 271 we 

309 140 64 

400 188 7 

445 223, 100 


WITH NO LOAD AND TIRES INFLATED TO 80-LB. PRESSURE 


Temperature Rise above Atmospheric Tempera- 
ture, Deg. Fahr. 


Drum Bead No. 1 Bead No. 2 
271 129 33 
356 183 47 
479 255 74 
231 90 
325 140 ‘i 
409 185 oe 
172 48 292 
272 82 36 
365 127 50 
461 187 65 
267 70 26 
364 102 33 
458 13 62 


a larger differential when plotted on the basis of brake- 
horsepower. It is to be noted that for the same brake- 
horsepower at 15 m.p.h. the bead temperatures of a given 
wheel are higher than at 30 m.p.h. It will be noted fur- 
ther that the temperatures are still higher for a given 
yrake-horsepower at a speed of 10 m.p.h. 

The effect of speed on the relative cooling-action of 
the three 20-in. wheels, as shown by the data, was noted 
as of exceptional importance and it is believed that this 
is the first time that such data have been available. 
Accordingly, further tests were run at 20 and 25 m.p.h., 
using a constant brake-horsepower of 6.5. The complete 
data, under these conditions, are given in Fig. 11 and 
show that in all three wheels the cooling action increases 
with the speed of rotation between the limits tested, and 
that speed has substantially the same relative effect on 
each of the three wheels. 

Intracity service on motorcoaches at low average 
speeds with frequent stops offers, therefore, as serious 
a problem on the dissipation of brake-drum heat as inter- 


city service at higher speeds over roads of uneven contour 


with frequent use of brakes. 
TESTS OF HEAT-DISSIPATING DEVICES 

A complete study of all known heat-dissipating devices 
was not attempted in the Sprague-dynamometer test. 
AT VARIOUS SPEEDS, WITH DUAL TIRES, LOADED TO 
OF THE WHEELS FITTED WITH A COOLING FAN 

Temperature Rise above Atmospheric Tempera- 

ture, Deg. Fahr. 


Drum Bead No. 1 Bead No. 2 
475 285 91 
434 248 74 
397 215 59 
au 195 56 
359 189 
464 271 a 
409 218 58 
37 191 49 
33 162 43 
320 148 29 
400 188 73 
361 155 70 
328 125 60 
295 101 50 


269 103 55 
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Fig. 12—HEAT-DISSIPATING EFFECT OF CHANGE IN BRAKE DRUM 


Drum No. 2 Was Identical with Cast-Steel Drum No. 1 Wheel D Was Added to Wheel A So That the Test Results 
Except That (a) Radial Corrugations Extending from the Would Be Comparable. In Each Case Drum No. 2, Com- 
Flange Part Way across the Outside Were Removed To In- bined with the Deflector Band, Shows a Substantial Improve- 
crease the Ventilating Space between the Drum and the ment in Heat Dissipation over Drum No. 1 without the 
Rim; (b) an Asbestos Covering Was Put On To Decrease Deflector Band. The Wheel Speed Was Equivalent to a Road 
Direct Radiation from the Drum to the Rim, and (c) the Speed of 30 M.P.H. in Each Case. The Tests Shown Are 
Band Which Closed the Space between the Dual Rims on Comparable with Those Shown in Fig. 13 
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| 3 n 200" 250 300 350 400 450 500 
Power Input, b.hp Brake- Drum Temperature above Atmospheric, deg. fahr. 


Fic. 13—-EFFECT OF FANS ON HEAT DISSIPATION WITH DRUMS Nos. 1 AND 2 AT A SPEED OF 30 M.P.H. 


Fan No. 1 Was Encircled by a Band That Did Not Entirely Be Noted That in the Chart at the Right, for Relation of Bead 
Close the Space between the Dual Rims, Whereas the Band Temperature to Drum Temperature, the Combination of Fan 
on Fan No. 2 Closed This Space and the Fan Vanes Were No. 2 with Drum No. 1 Produced Substantially the Same 
Set at a Different Angle Than in Fan No. 1 with the Object Cooling Effect as Fan No. 1 with the Improved Drum No. 2 
of Improving Ventilation. Each Had Eight Vanes. It Should on Wheel C as Shown in the Bottom Curves 
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8 250 300 350 400 450 500 
Power Input, b.hp. Brake-Drum Temperature above Atmospheric, deg. fahr. 


Fic. 14—RISE OF BEAD TEMPERATURE WITH BRAKE DRUM THAT AFFORDED INCREASED VENTILATING SPACE BE- 


TWEEN DRUM AND WHEEL RIM AND THAT WAS COVERED WITH ASBESTOS 


These Curves Are Comparable with Those in Fig. 8, Which The Wheel Speed in All Cases Was Equivalent to a Road 
Were Taken with the Wheels Fitted With Drum No. 1. Speed of 30 M.P.H. 
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The principal tests along this line consisted in removing 
the corrugations from the outside of the drum to increase 
the ventilating space between the drum and rim with the 
addition of a covering of asbestos to decrease direct 
radiation from the drum to the rim. At the same time 
the band which closed the space between the dual rims on 
wheel D was also added to the two other 20-in. wheels 
so that the tests of these three wheels, as shown in Figs. 
12 and 13, are comparable. In each case drum No. 
2, combined with a deflector band, showed a_ sub- 
stantial improvement in heat dissipation over drum No. 
1 without the deflector band. The results on wheel C 
are plotted separately in Fig. 13 because fan No. 1 was 
surrounded by a band that did not entirely close the 
space between the rims and also because fan No. 2, be- 
sides having a band fully closing the space between the 
rims, possessed vanes having a different angle designed 
to improve ventilation. It will be noted that fan No. 2 
with drum No. 1 produced substantially the same cooling 
effect as the original fan No. 1 with the improved form 
of drum No. 2. 

It is regrettable that the dynamometer set-up was dis- 


mantled before the combined effect of fan No. 2 with’ 


drum No. 2 had been tested on wheel C. Such a com- 
bination probably would have resulted in a still further 
lowering of bead temperatures for a given brake horse- 
power. For purposes of comparison, the effect of drum 
No. 2 at a speed of 30 m.p.h. is shown again in Fig. 14, 
thus making it comparab'e with Fig. 8 and drum No. 1. 

Only one other heat-dissipating device was tested. 
This was an external ventilating fan, motor-driven, play- 
ing on wheel A. The data for this are given in Table 6. 
It will be noted that the most efficient position of this 
fan was at an angle of 45 deg. from the line of the axle, 
whereas, when placed in line with the axle, there seemed 
to be a reversal of the direction of ventilation through 
the brake shoes and its cooling effect was not so marked. 


BEADS UNAFFECTED BY HEAT OF FLEXION 


Reports have been received frequently of tires failing 
from “burned beads” on long-distance hauls over level 
roads on which the driver was positive that the brakes 
were used very little and that the brakes were not drag- 
ging. Assertions were made that these tires failed due 
to heat generated by flexing of the tire and not to brake 
heat. The question of the effect of heat from tire flexing 
was, therefore, investigated carefully with the Sprague 
dynamometer. The major distortions in a tire are pro- 
duced by load and by traction torque. The heating effect 
produced by load deflection was tested by placing on the 
dynamometer a single 32 x 6-in. heavy-duty tire on a 
20-in. rim with the brake shoes removed so there was no 
possibility of dragging brakes, loading the tire to the 
standard rating of 2200 lb. with an air-inflation of 80 
Ib., and running at a speed of 30 m.p.h. Thermocouple 
measurements were made by insertion of the couple 
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under the tread of the tire and by a permanent thermo- 
couple placed between the bead and the rim. This test 
was made with the generator unit of the dynamometer 
running free, equivalent to running the tire on a level 
road. 

The temperature at equilibrium under the tread was 
found to be 227.0 deg. fahr., the room temperature was 
84.0 deg. fahr. and the rise above atmospheric tempera- 
ture was therefore 143.0 deg. fahr. 

The bead-temperature of the same tire became con- 
stant at 106.5 deg. fahr., the room temperature was 80.0 
deg. fahr. and the rise above atmospheric temperature 
was therefore 26.5 deg. fahr. 

The heating effect from the deflection produced by 
traction torque was checked with a second set-up on 
both 34 x 7.50-in. balloon tires and 32 x 6.00-in. high- 
pressure truck-tires, using a 12-hp. drag on the gen- 
erator or road-wheel unit, which was equivalent to a 
grade of 4.4 per cent. Temperatures at the bead became 
constant at the same temperature irrespective of whether 
the tire was running “on the level” or “up-grade.” 

It can, therefore, be stated with assurance that a tire 
which is properly loaded and inflated will not generate 
sufficient heat to cause bead failures. Over-load or 
under-inflation undoubtedly will produce a greater heat- 
ing effect which, combined with drastic mechanical action 
on the tire, will result in premature failure, but even 
such an extreme case will not produce the failure known 
and easily recognized as “burned beads.” 


BEAD BURNING DUE To EXTERNAL HEAT 


In a tire unaffected by brake-drum heat, the hottest 
point in the tire is found to be in the outer portion of 
the carcass under the tread at the shoulder. The travel 
of heat, therefore, will be from the tread toward the 
bead, through the sidewalls, tube and internal air, chiefly 
the last. A tire failure from “heat produced by flexing” 
should, therefore, show the greatest effect of heat in the 
outer portions of the tire. Every tire, however, to which 
our attention has been called as having failed from 
“heat due to tire flexing” has shown the greatest effect 
of heat at the bead, which is prima facie evidence that 
the failure was due, not to tire heat, but to some external 
source of heat. 

In tires subjected to heat from brake drums, a re- 
versal of normal conditions occurs and the flow of heat 
is from the bead to the tread. It is evident, therefore, 
that heat from tire flexing will have a certain influence 
on the dissipation of heat from the beads by decreasing 
the temperature gradient between bead and tread and 
will maintain thereby a somewhat higher temperature 
at the bead. To show this effect, the tests recorded on 
Fig. 15 were repeated at no load by removing the tires 
from the road wheel, which was allowed to remain sta- 
tionary. 

Fig. 15 records the results of these tests, together 


TABLE 6—EFFECT OF COOLING FAN* ON WHEEL A AT A WHEEL SPEED OF 30 M.P.H., WITH DUAL TIRES, LOADED TO 
4400 LB. AND INFLATED TO 80-LB. PRESSURE, AND A BRAKE-HORSEPOWER INPUT OF 6.49 HP. 


Fan Position 


Temperature Rise above Atmospheric Tempera- 
ture, Deg. Fahr. 
Drum 
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Bead No. 1 Bead No. 2 
No Fan. See Top Curve at Right in Fig. 8 359 189 
30 In. from Tires and Blowing Normal to Axle, Directly be- 
tween Tires 283 135 48 
30 In. from Tires and 45 Deg. from Line of Axle, in Front of 
Drum 261 116 44 
30 In. from Tires in Line with Axle, in Front of Drum 266 120 44 





® Robbins & Myers; speed, 1150 r.p.m., 60 cycles, 110 volts. 


Air velocity at 30 in. from fan, 800 ft. per min., determined by 
Keuffel & Esser anemometer. 
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BRAKE-DRUM HEAT IN DUAL WHEELS 
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EFFECT OF HEAT FROM TIRE FLEXING ON 


In One Series of Tests the Wheels and Tires Were Run with 
80-Lb. Air-Inflation, but without Load, and for Comparison 
the Curves for the Same Equipment with Standard Load of 
4400 Lb. and the Same Speed of 30 M.P.H. Are Redrawn on 
the Same Charts. In Every Case More Rapid Dissipation 
of Heat from the Bead through the Tire Was Made Possible 
by Increase of the Temperature Gradient Due to Removal 


with the original loaded tests, regraphed for compari- 
son. In every test the removal of the effect of heat due 
to tire flexing increased the temperature gradient be- 
tween the bead and tread, and therefore permitted more 
rapid dissipation of heat from the bead through the tire 
itself. The difference, however, is comparatively slight 
and again the conclusion can be drawn that heat from 
tire flexing is not an important factor in the failure of 
tires from brake-drum heat. 


SUMMARY AND CONCLUSIONS 


(1) The relative cooling-action of the four wheels 
tested is found to be substantially in the same 
order as reported in the Goodyear and Budd 
tests, except that wheel C with drum No. 1 and 
fan No. 2 was found to be comparable with 
wheel D 

(2) Comparison of the four wheels on the basis of 
constant brake-horsepower shows a wider dif- 
ference, in the same order, than comparison on 
the basis of constant brake-drum temperature, 
as was prophesied in the Goodyear report. Com- 
parison on the basis of constant brake-horse- 
power more nearly reflects the relative value of 
the wheels in actual service 


(3) It appears that the greater the cooling action of 
a given wheel is, the greater is the error in 
comparing this with other wheels on the basis 
of constant brake-drum temperature, and the 
greater is the necessity of a comparison on the 
basis of constant. brake-horsepower 

(4) For the heat-dissipating devices tested, substan- 
tially the same relative improvement was noted 
on all wheels 


(5) The cooling properties of a wheel increase with 
the speed of rotation for a given brake-horse- 
power input 

(6) Variations in speed did not materially change the 
relative cooling-action of the three 20-in. wheels 


(7) Forced ventilation by external fans is indicated 
as an aid for the dissipation of brake-drum heat. 
The slower the speed of a motorcoach is the 
greater should be the effect of forced ventila- 
tion 

(8) The tire trouble known as “burned beads” cannot 
result from “heat due to tire flexing’ but must 
be attributed to brake-drum heat caused by 
dragging brakes or excessive use of brakes 




















n~«SSSC*C~CS*«S 350 400 150 
Brake-Drum Temperature above Atmospheric,deg.fahr. 


RELATION OF DRUM TEMPERATURE TO BEAD TEMPERATURE 


of the Effect Caused by Tire Flexing. This Difference in 

Dissipation Was Comparatively Slight and the Close Relation 

of the Curves for a Given Wheel Indicates That Heat from 

Tire Flexing Is Not an Important Factor in Bead Failure, 

Although Excessive Flexing Accentuates the Effect of Brake- 
Drum Heat 


(9) Excessive flexing in a tire due to under-inflation, 
heavy loading or high speed will accentuate the 
effect of brake-drum heat on the bead by de- 


creasing the temperature gradient between the 
bead and tread 


THE DISCUSSION 


QUESTION :—Do you recommend the use of asbestos 
between the drum and rim, and, if so, is not this passing 
the problem on to the brake and axle manufacturers, 
since the heat generated by braking must be dissipated 
in some way? 

C. W. BEDFoRD:—I believe that the closer the rim is 
to the drum, the greater is the necessity for preventing 
radiation from the brake. While it is improper to lag 
a heat-radiating device, a compromise may be desirable 
in some circumstances. 

QUESTION :—Why not line the inside of the wheel rim 
with asbestos instead of wrapping the drum? 

Mr. BEDFORD:—The suggestion is of interest. The 
asbestos next to the rim would allow convection cooling 
of the drum and at the same time intercept radiation 
from the brake. 

QUESTION :—Would not the use of brakes on every 
available wheel reduce the quantity of heat to be dissi- 
pated by each wheel and thus reduce the amount of heat 
absorbed by each tire? 

Mr. BEDFORD :—That is one of the advantages claimed 
by the four-wheel-brake engineers. I have heard or read 
a statement that with brakes on four wheels the energy 
required on a given drum is reduced about 40 per cent. 

QUESTION :—Fig. 11 seems to show that ventilation 
operates wholly on the brake drum and not on the bead 
or rim. Is this correct? 

Mr. BEDFORD:—That is not the case. However, con- 
siderations which show the advantages of testing on the 
basis of brake horsepower instead of constant brake- 
drum temperature apply only to the drum. The heat is 
dissipated from the drum by three means: convection, 
conduction and radiation. It is also dissipated from the 
rim in the same way but only the cooling of the drum, 
as the source of heat, is considered. 

If of two different heat-dissipating devices one has 
greater heat-conduction through metal parts from the 
drum to the spokes, hub and axle, that device should run 
the cooler, so far as bead temperature is concerned; but 
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if a test is run on the basis of constant brake-drum 
temperature, we supply sufficient increased braking 
energy to offset the extra cooling effect inherent in the 
cooler wheel, therefore the conduction cooling is not 
considered in the same way as convection cooling. If 
one wheel is fanned and cooled by convection better than 
another so that for the given brake horsepower it pro- 
duces a lower drum-temperature but we increase the 
braking horsepower for that set-up to maintain the 
lower drum-temperature constant, we eliminate or neu- 
tralize any difference there may be in the two set-ups. 

A. L. SCHOFF*:—Why was the test apparatus arranged 
to deliver to the brake-drum the same brake-horsepower 
for different road speeds? Inasmuch as horsepower is 
a function of speed, it seems to me that, to make these 
heating tests comparable, constant torque should have 
been maintained regardless of the speed, rather than to 
maintain constant brake-horsepower, which with de- 
creasing speeds means increased torque. This would, of 
course, mean a dissipation of less heat at the slower 
speeds than was the case under the conditions of the 
test as run, and, while it still might show an increase in 
brake-drum temperatures at slow speeds over high 
speeds, I do not believe the increase would be as high 
by any means as shown in the results presented in the 
paper. 

Another question is this: Inasmuch as in practically 
all curves shown the heat was considerably greater on 
the disc wheel, in which the ventilation is poorer than 
on the two other types of wheel, are any data available 
to show what the relative temperatures would be on a 
wood-spoke wheel which not only would provide good 
ventilation but would prevent any direct conduction of 
heat from the brake-drum through the wheel to the rim? 

Mr. BEDFORD :—In motorcvach operation neither brake- 

*M.S.A.E.—Assistant vice-president, Overman Cushion Tire Co., 


Inc., New York City. 


* Budd Wheel Co., Philadelphia. 





horsepower nor torque is a constant factor and the ele- 
ment of time is of great importance. Either the brake- 
horsepower or torque relations may be obtained from 
the data and must be interpreted in relation to the time 
factor in applying them to road surfaces. No tests were 
made by us on wood-spoke wheels and, so far as I know, 
no data are available on such wheels. 

QUESTION :—Mr. Bedford stated in his summary that 
the final results are equal to those of the Budd and Good- 
year report. If we compare steel-spoke wheel C, using 
the No. 1 drum and No. 2 fan, does not its performance 
equal that of steel-spoke wheel D, which has the de- 
mountable rim? 

Mr. BEDFORD:—Fig. 15 shows that the curves of the 
wheels referred to lie very close together. 

E. A. CLARK*:—It is noted in Mr. Bedford’s paper that 
the condition to which he refers is one which existed in 
1925. Since that time, the entire season of 1926 went 
by and we are now into 1927, and it is significant to 
recall that in neither 1926 nor so far this year has the 
question of wheel-rim heating been up for consideration. 
In May, 1926, a great deal of valuable time was ex- 
pended by representatives of tire companies, wheel com- 
panies and others interested, in a prolonged test in 
Kansas City under the auspices of the Kansas City Rail- 
way Co. The final result from more than 80 tests, no 
two of which were comparable, was that 90 per cent of 
the trouble lay in the improper adjustment of brakes to 
prevent dragging. 

The relief that has come to the occasional cases of 
actual heat-trouble that did exist has arrived through 
the proper correlating by motorcoach manufacturers of 
brake-drum and tire rim as to clearances. Efforts to 
eliminate heat by fans or other methods of this descrip- 
tion lead to such an impractical solution from an actual 
operating standpoint as to relegate them to a purely 
theoretical consideration. 








MOTOR-VEHICLE SPEED IN CONNECTICUT 


HE existing Connecticut law regarding speed of motor- 

vehicles on the highways is based upon the theory of 
reasonableness. Whatever speed is reasonable for all the 
conditions existing at the place in question is proper. But 
the law includes certain prima-facie speeds. As established, 
the most important are 20 m.p.h. in thickly settled portions 
of the State and 30 m.p.h. on the open highway. To bring 
out more clearly what a prima-facie speed means, it may be 
explained that the effect of it is to shift the burden of 
proof and has nothing whatever to do with the principle 
which remains to govern all cases by measurement as to 
whether or not it is reasonable. These prima-facie speeds 
do not change this law but provide a method for its applica- 
tion. If, where the prima-facie speed is 30 m.p.h., an 
operator is going 40 m.p.h. and an officer arrests him for 
speeding, when the officer proves that the arrested person 
was actually exceeding 30 m.p.h., the burden of proof shifts 
and the arrested person is required to prove that the speed 
at which he was going was reasonable considering all the 
conditions. If he can so prove, he will be acquitted. The 
matter of a change in this law came before the Legislative 
Committee on Motor-Vehicles in a bill to increase these 
prima-facie speeds. But the hearings developed a funda- 
mental objection to any prima-facie speed at all on the 
ground that to have such creates a situation where a person 


may be obliged to prove his innocence. This is contrary to 
the fundamental tenets of criminal law, to custom and to 
the spirit of self-government. Therefore, it is proposed that 
all prima-facie speeds be taken out and that the speed law 
be left without any indication as to miles per hour, so that, 
should the proposed bill become law, there could be no arrests 
except on the ground that a speed was unreasonable. The 
arresting officer will then in every case have to prove the 
unreasonableness of the speed to secure a conviction. 

This is a great step toward justice, for the improved con- 
struction of cars and the betterment in highways have 
created conditions under which the old prima-facie speeds 
are commonly exceeded by everyone. It is a step in advance 
from the standpoint of putting more responsibility upon the 
operator of a car. It should cause the exercise of con- 
servative judgment in driving. There is apt to be too much 
of a tendency to direct operators. The more traffic direction 
there is, the less initiative and responsibility an operator 
can be expected to exercise. Direction is necessary. It does 
not now exist in many places where it should. But it will 
not do to over-direct. Responsibility and proper exercise of 
judgment and care must be preserved. They will make for 
high-mindedness and self-reliance, both of which are essen- 
tial in good operation—From Bulletin No. 41 of the State 
of Connecticut Department of Motor Vehicles. 
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Internal Wheel- Brakes 


Discussion of H. D. Church’s Semi-Annual Meeting Paper’ 








ABSTRACT 


The paper deals primarily with internal wheel- 
brakes for trucks and motorcoaches, but passenger- 
car brakes with similar characteristics are considered 
possible. A simple two-shoe internal-expanding type 
developed mainly by empirical methods is found to be 
the most practical solution in spite of relatively low 
circumferential contact. Self-energization is necessary 
to reduce driver effort with normal pedal-travel. The 
factors controlling self-energization are explained in 
detail, and the effect of difference in the coefficient of 
friction of brake-linings is noted. 

Distortion of brake-drum and brake-shoes must be 
limited by a drum of heavy section and by extremely 
rigid shoes. Rotation of cam with respect to self- 
energizing shoe should tend to deflect the toe of shoe 
away from brake-drum surface. A floating cam is nec- 
essary to balance unequal wear on the brake-shoes and 


H. D. HUKILL’:—This excellent paper of Mr. Church’s 
deals with a problem whose successful solution is essen- 
tial to the development of the high-speed heavy-duty au- 
tomotive vehicle of today. It is interesting to note that 
the various points Mr. Church mentions as having been 
proved during experimental road-work have been borne 
out by our own test-work and observance of equipment 
in service. 

It has been found most important to use rigid supports 
of ample cross-section for the anchor pins and camshafts, 
and it is also very important that anchor pins and cam- 
shaft bearings be correctly and accurately located. The 
brake-drum surface must be perfectly concentric with 
the hub bore, and where drum and hub are a two-piece 
unit the drum surface should be finished after the hub 
and drum are assembled, centering from the hub bore 
mounted on a suitable mandrel. 

To assure smooth brake-action the rotation of the cam 
during brake application should be in the same direction 
as that of the brake-drum. This was mentioned by Mr. 
Church and the reason for it is apparent from his Fig. 1. 

The heat-dissipating properties of the all-metal brake 
were thoroughly demonstrated in a series of tests made 
in the Allegheny Mountains last August, using a Model 
50-B four-cylinder 29-passenger White motorcoach with 
standard factory brake-equipment of air-operated all- 
metal brakes on the rear wheels only. Test tire-equip- 
ment was Goodyear 36 x 8.25-in. dual balloons on 20-in. 
rims. This coach, loaded to 17,000 lb., was coasted with 
gears in neutral at a constant speed of 15 m.p.h. down an 
approximately uniform 814-per cent grade 14,000 ft. 
long. The speed was controlled entirely by the rear- 
wheel metal brakes. 


1The paper with illustrations was printed in the June, 1927, issue 
of THE JOURNAL. The author is director of engineering, White 
Motor Co., Cleveland. 


2M.S.A.E.—Westinghouse Air Brake Co., Wilmerding, Pa. 


5’ M.S.A.E.—Chief engineer, Bendix Brake Corporation, South 
Bend, Ind. 

*M.S.A.E.—Assistant chief engineer, White Motor Co., Cleveland. 

5M.S.A.E.—Chief engineer, Garford Truck Co., Lima, Ohio. 

®°M.S.A.E.—Vice-president in charge of engineering, Yellow Truck 
& Coach Mfg. Co., Pontiac, Mich. 


assure adequate braking with normal pedal-pressure. 
High-grade cast-iron brake-drums have been found 


to be generally more effective than steel drums with 
fabric-lined brakes. 


Air-brakes of the same general design, with metal- 
to-metal surfaces, are used in all four wheels of the 
six-cylinder motorcoach, but the floating-cam construc- 
tion is unnecessary in this case. The metal-to-metal 
combination of high-carbon drums with low-carbon 
shoes is found to be effective under all weather condi- 
tions, and is regarded as the solution of the problem 
of brakes with adequate life and effective heat-dissi- 
pation for heavy, high-speed motorcoaches. 

Various problems of metal-brake design were brought 
to attention in the discussion, but most interest was 
shown in the questions of the relative cost of brakes 
of different types and of heat-dissipating qualities. 


The maximum brake-drum temperature encountered on 
any run, measured by calibrated thermocouples located at 
the center of the brake-drum face and % in. below the 
friction surface, read 30 sec. after stopping at the foot 
of the grade, was 625 deg. fahr. The maximum tire- 
temperature, as determined with thermocouples located 
between the tire bead and the metal tire-rim on the 
inner tire, was 145 deg. fahr. This was found 15 or 20 
min. after ending the run, when the heat from the brakes 
had had an opportunity to be conducted into the adjacent 
parts without the influence of any cooling drafts such as 
come into play during actual operation. The maximum 
hub-temperature, determined in the same way, was 145 
deg. fahr., and the maximum axle-housing temperature, 
taken at a point under the spring pad, was slightly lower, 
being 125 deg. fahr. 


Another interesting point is that the brake-shoes or 
heads, taking a slightly higher temperature than the 
brake-drum, expanded at approximately the same rate 
as the brake-drum; hence there is no “run-out” of the 


brake at any time, brake-chamber travel remaining con- 
stant under all conditions. 


A. Y. DopGE’:—It would be interesting to know more 
concerning the specifications of the material in the shoes 
and the drum of the metal brake that is under discussion. 

F. G. ALBORN*:—The carbon content of the shoes is be- 
tween 23 and 28 point and that of the drum is about 50. 


W. J. BAUMGARTNER’ :—What brings the floating cam- 
mechanism back into position after it has been jarred 
out of place by road shocks? 


Mr. ALBORN:—We have encountered no condition of 
that kind. There is no indication of any drag due to the 
shoe falling. 

CHAIRMAN G. A. GREEN':—Why do you use cast iron 
for the shoes of the small vehicle and cast steel for the 
big one? 

Mr. ALBORN :—We have found that steel is better for 
metal brakes, but because the friction-fabric lining tends 
to pick off metal particles from a steel casting we use 
cast iron, which shows no such tendency, for our fabric- 
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lined brakes. The cast iron we use has a very high com- 
bined-carbon content, with the graphite carbon present in 
the shape of small flakes peculiarly interlacing. It is 
very close grained. 

CHAIRMAN GREEN :—Are we to assume that you use 
cast-iron brake-drums with the fabric-lined shoes and 
cast-steel drums with the metal throw-away-type shoes? 

Mr. ALBORN :—That is right. 


THE QUESTION OF LIFE 


CHAIRMAN GREEN :—Can you give us some idea of the 
mileage that may be expected from the throw-away 
shoes? In the early part of your paper you mentioned 
tests where brake applications averaged one for each 
0.9 mile. Were you referring to metal brakes or to 
fabric-lined brakes? 

Mr. ALBORN:—We were referring then to the lined 
brakes. 

CHAIRMAN GREEN :—Can you give us some figures as 
to the possible mileage of metal throw-away-type shoes? 

Mr. ALBORN :—We are getting about the same mileage 
with the metal-to-metal throw-away type of shoe as with 
the lined type. 

CHAIRMAN GREEN :—Then for approximately one stop 
per mile you can expect 25,000 miles from the shoes? 

Mr. ALBORN :—That is correct. 

CHAIRMAN GREEN :—Suppose you make five stops per 
mile, would the life of the shoes be reduced to 5000 
miles? 

Mr. ALBORN :—With an increased number of stops, the 
speeds at which braking is done will be lower, and as the 
braking effort required to accomplish a stop is propor- 
tional to the square of the velocity, under the conditions 
Mr. Green mentions we would get approximately the 
same life of the brake-shoes as under the conditions 
mentioned in the paper. 

CHAIRMAN GREEN :—We cannot control that, can we? 
We must expect as violent an application as the operator 
can make. What will the throw-away shoes cost per mile 
in operations where they are called upon for five stops 
per mile? 

Mr. ALBORN :—My opinion is that the cost would not 
be any greater than the cost of lining. 

CHAIRMAN GREEN :—What will be the ratio of wear for 
drum: -rd chees? Cen we expect a drum to out-wear 
two or more sets of shoes? 

Mr. ALBORN:—We are finding about three sets of 
shoes are required to one drum. On tests which we have 
run we have not worn out a brake-drum. In the first 
25,000 miles we had approximately 1/16-in. wear on the 
drum diameter. The brake-drums can stand as much as 
14-in. wear before it is necessary to replace them. 


DIFFICULTY WITH LINERS 


A. J. SCAIFE’:—We have found that in using liners in 
the drum and in the shoe it is practically impossible to 
get a perfect fit between the liner of the shoe and the 
liner of the drum. The resulting air-gap between the 
drum and the liner acts as insulation against heat radia- 
tion. If the brake-drum liner is not perfectly true it 
may cause a slight buckling or distortion unless the 
liners are very carefully run in at the start. The life 
of the brake can be greatly increased or shortened, ac- 
cording to the methods used for the run-in. Also, we 
have found that the heat radiated to the drums, as 





™M.S.A.E.—Field engineer, White Motor Co., Cleveland. 


5° M.S.A.—E.—Automotive contact engineer, United States Rubber 
Co., Detroit. 
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brought out in the paper, will cause drum distortion. 
The distortion is very slight and occurs only during the 
life of the first set of liners. If new liners are put in 
without truing the drum, serious difficulty may result 
from a bad out-of-round condition. We have found 
the second set of liners to be eccentric from 0.004 to 
0.015 in. 

When it is necessary to remove the drum and take it to 
a machine-shop to be trued, the labor expense plus the 
parts is in many cases greater than the cost of a solid 
drum, especially with companies not having their own 
machine-shops. With some of the larger transportation 
companies it is not so serious because they have their own 
shops with machinery of sufficient size to do this work. 

CHAIRMAN GREEN :—Coming back to the question of 
cost, which is surely a controlling issue, and assuming 
a case in which there are five stops per mile, suppose 
that the shoes will cost the operator about $50 per set 
and last for 5000 miles, and that the drums will cost $100 
per set and require renewing after 15,000 miles, then the 
cost per mile will be 1 cent for shoes and 2/3 cent for 
drums; total, 1 2/3 cents. Of course this is an extreme 
case; nevertheless there are plenty of operations with 
more than five stops per mile, and it is inconceivable 
that any operator can afford to spend 1 2/3 cents per 
mile for shoe and drum renewals. Such an expenditure 
should go a long way toward the complete vehicle main- 
tenance. 

Assuming that the brake-drums are made from the 
proper material and that fabric-lined brake-shoes are 
used, the drum life is almost unlimited. Take, for ex- 
ample, the Chicago Motor Coach Co., operating approxi- 
mately 500 vehicles, all of which have averaged over 
100,000 miles. In no case has there been a brake-drum 
replacement since the vehicles were first put into ser- 
vice. These drums are made from hot-pressed, heat- 
treated, high-carbon steel. There are some definite ad- 
vantages in the use of metal-to-metal brakes, yet we 
cannot eliminate the question of cost. 


EFFECT OF HEAT ON TIRES 


Mr. ALBORN:—Is it really a question of cost? With 
the heavy, high-speed motorcoach the question of heat 
is to be considered. Is it not cheaper to save tires at the 
expense of brake-shoes? With the metal-to-metal brake 
the shoes are more completely available for heat radia- 
tion to the air than is the case with the friction-material- 
lined shoe. We have demonstrated by repeated tests that 
the metal-to-metal brake absorbs not only several times 
the braking energy before the brake-drum reaches its 
maximum temperature, but that the maximum tempera- 
ture will be materially lower than with lined brakes. 
This difference may mean the difference between saving 
and ruining the tires. There is the additional feature 
that Mr. Church pointed out in his paper, that the metal- 
to-metal brake is the safest brake we know of today, as 
its action is very little affected by oil, water or grit. 

CHAIRMAN GREEN :—Must we infer that your choice of 
20-in. rims has something to do with your liking for the 
metal-to-metal brake? 

Mr. ALBORN:—There is no doubt that it has. We 
need low floors in modern motorcoaches, and with any 
rim larger than 20 in. the tire needed is of such size 
that it makes the wheelhouse project into the body too 
much. 

B. J. LEMON’ :—Were any heat-tests between the bead 
of the tire and the rim made with brakes other than the 
metal-to-metal which were reported as showing a tem- 
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perature of 145 deg. fahr. 15 or 20 min. after the down- 
hill run of 24% miles was completed? 
Cc. A. OHL’:—This is the only report I have. 


FITTING SHOES IN WORN DRUMS 


R. S. SANFORD” :—What is the operation of the metal- 
to-metal brake like after a drum is worn and the shoes 
are replaced by new ones? The diameter of the drum 
will then be greater than 1714 in. and the shoe will not 
fit. Is not the operation of the brake erratic until the 
shoes wear to fit the drum? 

Mr. ALBORN :—When the first replacement of shoes is 
necessary, With a wear of approximately 1/16 in. on the 
drum diameter, it is customary to run-in the new shoes 
under full load with grease on the surfaces. This over- 
comes any irregularity in brake action and the grease 
prevents scoring. 

TORE FRANZEN"’:—By using cast-iron drums the un- 
sprung weight is increased, is it not? , 

Mr. ALBORN :—There is no necessity of that. The cast 
iron we are using has a tensile-strength of 39,000 lb. per 
sq. in., and on all our truck models we have replaced 
cast-steel drums with cast-iron drums without an in- 
crease in section. 

CHAIRMAN GREEN :—Must we assume that brake-lin- 
ings are a thing of the past? Is there not some brake- 
lining manufacturer here who will say something in 
favor of the brake-lining that we have used for so-long? 

Mr. ALBORN :—It was pointed out that the metal-to- 
metal-lined brake was found necessary on the high-speed, 
heavy-weight motorcoach, but we are using the fabric- 
lined brake elsewhere. 

Mr. DopGE:—I believe the paper indicates that two 
rear brakes are used with fabric lining on a 21-passenger 
motorcoach which travels up to 40 m.p.h. Surely there 
is not so much difference between 40 and 60 m.p.h. as 
between two and four brakes or between two brakes 
with fabric lining and four metal-to-metal brakes. 

Mr. ALBORN:—The six-cylinder high-powered motor- 
coach will serve more generally in long runs and under 
conditions where metal-to-metal brakes are necessary 
because of the heat generated. Motorcoaches of this size 
may be fitted with bodies that will permit a greater per- 
centage of overloading than with the smaller vehicle, on 
which we have definitely limited the body capacity. 

Mr. SANFoRD:—Has Mr. Alborn’s company made com- 
parative tests of air-operated systems with fabric linings 
and with metal-to-metal surfaces? Is it necessary to 
use metal-to-metal brakes with air operation, or can 
satisfactory performance be had with fabric-lined 
brakes ? 


METAL SURFACES REQUIRE POWER ~ APPLICATION 


Mr. ALBORN :—We are using metal-to-metal brakes on 
our large motorcoach because of the heat conditions. 
Air is required for the application of our metal-to-metal 
brakes. 

Mr. ScAIFE:—The cost of the air-operated system is 
several hundred dollars more than for the direct-operated 
system and this greater cost is included in the first cost 
of the vehicle. As Mr. Alborn stated, it is necessary to 
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use air with metal-to-metal shoes to get sufficiently 
effective braking. Fabric lining has been tried, and it 
cannot be so successful as the metal-to-metal surfaces. 

Mr. BAUMGARTNER:—We have used both fabric and 
metal lining on four-wheel air-brakes and have found 
that, if the grease can be kept off the lining, the fabric- 
lined brake is the better. 

A. M. Yocom”:—Six months ago many manufacturers 
were experimenting with metal brake-linings and were 
not willing to test the newer asbestos-fiber linings. This 
attitude now seems to have changed, as these same 
manufacturers are again testing and using asbestos- 
fiber linings. One motorcoach fleet-owner says that 
metal linings cost 5 times as much as asbestos-fiber lin- 
ings and never last more than 1% times as long; besides 
this there were grabbing, noise, scoring, and other brake 
ills to a greater extent than with the fabric linings. A 
metal drum and metal lining combination may be pos- 
sible that will give good results, but it seems that metal 
woven or imbedded in asbestos fiber will give the best 
results, as there is enough resiliency in such a mixture 
to give the proper conformity to the drum. Because of 
expansion from brake heat and deflection from brake 
loads, there are variations in the lining contact. A 
slight amount of resilience in the lining compensates for 
these variations. Added to the conforming qualities of 
asbestos is its ability to maintain more friction when 


it becomes greasy than a metal lining would have under 
identical conditions. 


METAL-TO-METAL BRAKE DIFFICULTIES 


M. C. HoRINE“:—In our experiments with metal-to- 
metal brakes we have had two little difficulties upon 
which Mr. Church and Mr. Alborn can perhaps throw 
light. One is that the great heat of the metal-to-metal 
brake softens the brake-shoe spring. It has been found 
necessary to use much heavier springs than with fabric- 
lined brakes. Another result of this brake-shoe heat is 
difficulty in the lubrication of the hinge pins and the 
brake camshaft. 

Mr. ALBORN:—We have experienced no trouble with 
the retracting springs on our metal-to-metal brakes. 
The springs attach to light ears on the brake-shoe and 
the hooks at each end are separate from the main body 
of the spring, so the heat transfer is very slow. We have 
had no difficulty with the lubrication because, with air, 
we have a means of application that makes the brake 
effective if the lubrication of these points is neglected. 

Mr. HorRINE:—The difficulty is that the brakes drag, 
not because the spring stretches, but because of faulty 
lubrication after the brakes have been heated. 

CHAIRMAN GREEN :—Our experiments confirm some of 
the points that have been brought up in favor of metal- 
to-metal shoes, but we always come back to the question 
of cost. Can we afford to use throw-away-type shoes? 
Why should we not line the steel shoes and thus save the 
major part of the cost? 

Mr. SCAIFE:—Mr. Fageol is using this system on his 
new motorcoach, and possibly it has many advantages. 
Mr. Alborn has pointed out that our tests so far have 
been satisfactory with both. There is nothing to pre- 
vent using lined shoes without any other change in con- 
struction. Inasmuch as the shoe does not rotate, high 
points on the shoe do not make so much difference as 
high points on the drum. We believe that the air-brake 
is best for a heavy motorcoach, and it is an open ques- 


tion whether fitting new liners is cheaper than putting 
in new shoes. 
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H. D. CHurRcH:—It is difficult to figure the cost com- 
parison per mile of operation between the unlined metal- 
to-metal and the more conventional fabric-lined shoe on 
a direct basis. There is no question that in many opera- 
tions the increase in tire cost due to the heating from 
the fabric-lined brake is entirely too high, although this 
is not true in most motorcoach installations. 

For the last 14% years we have been shipping motor- 
coach chassis equipped with metal-to-metal rear-wheel 
brakes and 20-in.-base tires, and have had no tire trouble 
due to heat generated by the brakes. These brakes were 
of the metal-lined shoe and drum type. In average city 
service the shoe liners have to be renewed in 15,000 to 
20,000 miles, and the drum liners in 50,000 to 75,000 
miles. These figures give an idea of what can be ex- 
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pected in service from the metal-to-metal construction. 

In any motorcoach design passenger safety is the 
prime consideration and cost must be secondary. It is 
our opinion, based on many years of motorcoach manu- 
facture, that for high-speed, heavy vehicles, the metal- 
to-metal brake with some form of servo actuation is 
very much safer than any other construction available 
today. This is true primarily because there is the least 
variation in braking effect due to water or lubricant on 
the brake-drums. We believe that for such vehicles the 
metal-to-metal brake is in most cases less expensive per 
mile than the fabric-lined brake, consideration being 
given to tire-cost increases which are caused in many 
operations by the difficulty of dissipating heat with the 
fabric-lined construction. 





Internal-Gear Four-Speed Transmission 
Discussion of S. O. White’s Semi-Annual Meeting Paper’ 


ABSTRACT 


NTENSIVE study of vibrations has had to be made 

by transmission manufacturers who were seeking a 
means of obviating the car noise that has become 
known as “high-speed rattle” and which makes itself 
heard through the transmission case, although it is 
caused mainly by periodic vibrations in the engine 
and propeller-shaft. Out of this study has come a 
revival of the idea of using a “fast” rear axle, that is, 
one having a low ratio between the engine and driving 
axle, whereby the rotative speeds of the crankshaft 
and propeller-shaft can be reduced greatly and the 
vibrations at a given road-speed consequently dimin- 
ished. 

To make the fast axle, or low rear-axle ratio, usable 
satisfactorily with present cars the four-speed trans- 
mission has been developed to provide more reduction 
in the transmission without making the steps in ratio 
between the several speeds too large. Four-speed 
transmissions have not been satisfactory in the past 
because of the noise caused by spur-gears and the wear 
of the teeth. Recent developments in internal gearing 
have shown that it is entirely feasible to design a 
transmission having internal gearing for third-speed 
that is both reasonably quiet and highly efficient. 
Such a design is illustrated and described in detail by 
the author, who explains its operation. 


C. S. CRAWFORD’ :—The first thing that strikes me as 
being essential about a four-speed transmission is to 
have the sales department educate the operators of cars 
to shift gears. If we had to do a little more of that in 
our three-speed cars we would not be thinking so much 
about the four-speed now. If we spent on the better- 
ment of the three-speed transmission some of the money 
that is being expended on four-speed transmissions we 
should get a much better three-speed transmission and 


1The paper with illustrations was printed in the June, 1927, issue 
of THE JoURNAL. The author is chief engineer, Warner Gear Co., 
Muncie, Ind. 

2M.S.A.E.—Chief engineer, Stutz Motor Car Co. of America, Inc., 
Indianapolis. 

* M.S.A.E.—Chief engineer, Detroit Gear & Machine Co., Detroit. 


It is important to arrive at a rear-axle ratio that is 
the best compromise for all operating conditions. This 
should be as “fast” as possible yet avoid the necessity 
of much more gear-shifting than the public is accus- 
tomed to at present. A fairly close approximation of 
the best ratio to use, as made by plotting engine revo- 
lutions per minute against car miles per hour for a 
given size of tire and with a variety of ratios, shows 
that most cars produced today do not operate at the 
most advantageous torque of the engine horsepower- 
curve and that engines are run at too high speed. This 
causes excessive periodic vibrations, noise, wear of the 
engine and unnecessary fuel and oil consumption. The 
relation of various axle ratios to engine horsepower 
and torque, in third and fourth-speeds, for two cars 
of different size, are shown in charts and discussed at 
some length. 

In the discussion, members favoring retention of 
three-speed transmissions advocate securing the de- 
sired results by more powerful engines and less gear 
reduction than in present cars, calling attention to 
some new European cars with three-speed transmis- 
sions. Others who are favorable to the newer four- 
speed transmissions develop points about weight distri- 
bution, gear-shift arrangement and bearing mountings, 
and outline an ideal four-speed transmission. 


it would certainly be a much simpler design than the 
four-speed. 


WEIGHT DISTRIBUTION 


ROBERT LAPSLEY’:—Our experience with high-speed 
rattle has paralleled Mr. White’s as to both its causes 
and the steps taken to eliminate it. We firmly believe 
that a transmission somewhat along the lines that Mr. 
White has described will be the main remedy for this 
trouble. 

Since the tendency in car design is undoubtedly toward 
lighter cars, we must add little weight; and, as the en- 
gine supports are already heavily loaded, we must con- 
centrate the added weight as close to these supports as 
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INTERNAL-GEAR FOUR-SPEED TRANSMISSION 


possible. We should have a transmission slightly heavier 
than the present three-speed transmission but with little 
additional overhang, somewhat more chunky than a con- 
ventional spur-gear four-speed unit but of no greater 
length. This ideal transmission should be of such a 
design that on high speed or direct drive no gears will 
turn. In the second high, as the term has been estab- 
lished for designating the internal-geared speed, the 
most desirable construction is such that only the inter- 
nal-gear-drive parts will rotate, all other gears in the 
transmission being disengaged. To avoid making the 
other speeds in the transmission of such an expensive 
design as the internal-geared-drive second speed, low 
speed and reverse would be as near as possible to usual 
three-speed practice. 

Mr. White has pointed out the fact that there will 
undoubtedly be a slight increase in the gear-shifting, 
and that, to make this possible without antagonizing the 
public, the operation of the shift between the direct and 
the internal-geared speed must be made extremely simple 
and positive. Parts that must change their rate of 
rovation at the moment of shift should be made as light 
as is practical. One group of men believe that this shift 
should be accomplished by positive-engaging clutches, 
while there will undoubtedly be a considerable number 
who believe with Mr. White that it should be by a smooth 
and easily made engagement. 


A PROPOSED GEARSHIFT ARRANGEMENT 


The arrangement of the shift is also open to discus- 
sion. As there are several millions of people in the 
United States who have become used to the three-speed 
transmission and its simple shift-arrangement, it might 
be best to keep the shift as nearly like the present stand- 
ard three-speed-and-reverse shift as possible. Other- 
wise the four-speed transmission will be penalized by 
the fact that it is necessary to provide a latch of some 
type to prevent the engagement of reverse when the 
operator intends to shift into one of the forward speeds. 
It is possible to arrange the shift so that the standard 
three-speed shift will be retained and a latch provided 
for the speed that may be designated as “emergency 
low.” The position of this speed in the shift should be 
such as to allow, when shifting from the customary low- 
speed, a motion such as we now have when shifting from 
low to second in the three-speed transmission. This type 
of shift should eliminate much of the sales resistance to 
cars equipped with four-speed transmissions. Any 
driver who is accustomed to a standard three-speed 
transmission would be able to get into a car with such 
a shift and readily operate it both forward and back- 
ward even though he did not know that it had four for- 
ward speeds. The only operation he would not be able 
to accomplish is that of starting in the extreme-low 
speed. 

There will be a number of opponents to this arrange- 
ment of shift, but after they have operated a car 
equipped with such a shift they will appreciate its many 
advantages. It retains all the ease of shifting in straight- 
through motions and provides a shift with which a car 
may be left in any garage or parking lot where three- 
speed transmissions are well known, requiring no in- 
struction of the attendants in the operation of the car. 

What happened to a prominent man who drove an ex- 
perimental car equipped with a four-speed transmission 


*M.S.A.E.—Consulting engineer, Indianapolis. 
5M.S.A.E.—Chief engineer, H. H. Franklin Mfg. Co., Syracuse, 
nm. Y. 
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illustrates the value of this form of shift. He parked 
the car in a garage in a small town in northern Michi- 
gan, neglecting to inform the garage attendant as to the 
operation of the reverse. Upon returning to the garage 
he found that the attendant, while trying to locate the 
reverse shift, had bent and broken off the lever. 

With a standard three-speed shift, drivers of cars are 
able to rock the car backward and forward in an emer- 
gency by quickly shifting from reverse to low and vice 
versa until they get the car out of a hole or pull through 
snow and ice. With the proposed shift having an emer- 
gency low this can be done, only the shift will be from 
reverse to second speed instead of to low speed. With 
the reverse controlled by a latch only experienced drivers 
are able to accomplish the shift in time to make the car 
rock back and forth. 

It has long been recognized as desirable to build any 
unit in such a way that its component parts will have 
the strength and load capacity balanced so that all parts 
will have equal life. We all believe that the greatest 
amount of driving will be done in top speed; therefore 
the splines or clutches that transmit the torque of this 
drive should be made as large as possible to prevent 
excessive wear at this point. 

In consideration of these facts our ideal four-speed 
transmission would possess the following features: 


(1) Direct drive, a straight shaft with no gears in 
mesh 

(2) Internal drive; no other gears in mesh 

(3) Second-speed, called low, spur gears 

(4) Reverse, spur gears 

(5) First-speed, called emergency low, spur gears 

(6) Standard three-speed shift with an emergency- 
low shift added 


(7) Only slight increase in weight and length over 
three-speed transmission 

(8) Large splines or clutches for transmitting the 
torque of the engine on direct drive 

(9) Transmission case must be rigid 


I have purposely left until the last any mention of 
ratio of either the transmission or the rear axle. Ratios 
in the transmission must be great enough to give a de- 
sirable reduction of engine-speed. The ratio in the rear 
axle will have to be worked out for each individual car. 
It must not be too fast an axle as this will tend to de- 
stroy the acceleration of the car, and it must not be too 
slow as thus the benefit of slowing down the engine will 
be lost. Mr. White, in his discussion, has covered this 
very clearly and I have mentioned it only because the 
success or failure of the whole idea depends on the cor- 
rect selection of ratio for the rear axle. 

W. G. WALL‘:—The four-speed transmission is not 
acceptable unless the third speed can be made quiet. Mr. 
White has succeeded well in doing this. I do not mean 
to say that third speed is as quiet as direct drive, but at 
least the internal gear seems to give a fairly quiet third- 
speed; but it takes up much room and is very expensive 
to build. The question, I think, is not so much whether 
we want three-speed or four-speed transmissions as 
whether we can make the four-speed transmission suffi- 
ciently quiet on third speed to be acceptable. 

CHAIRMAN E. S. MARKS’:—We are all agreed that it 
is desirable to make cars run 50 m.p.h. with the same 
degree of comfort and smoothness that they formerly 
had at 35 m.p.h. The four-speed transmission is one of 


the methods by which we hope to accomplish this. There 
may be other ways. 
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THREE SPEEDS ON LARGE EUROPEAN CARS 


F. E. Moskovics’:—What was generally admitted last 
year to be the best car in Europe had a three-speed 
transmission. On the high-priced Hispano there was an 
extremely flexible engine and a three-speed transmission. 
On the smaller Hispano, which is not so successful, there 
was a four-speed transmission. The same is true of the 
Bugatti and of several English cars. Transmission re- 
quirements are determined by engine performance. The 
question is, first, what high-speed activity is wanted. 
That can be determined by acceleration tests on high 
speed, say from 5 to 50 m.p.h. If there is the desired 
high-speed activity, which means also hill-climbing ac- 
tivity, what will the characteristics of the engine permit 
on high speed? I agree that a smooth 50 m.p.h. is 
needed. A car that will run 80 m.p.h. and has good high- 
speed acceleration will have a smooth 50, and if this can 
be obtained with a one-speed or a two-speed transmis- 
sion that is better than using more speeds. 

WILLIAM ERNEST ENGLAND’:—Mr. White made the 
statement that after taking all the gears out of the trans- 
mission it still had the rattle in it. My experience is the 
opposite. We removed the secondary shaft from a car 
that had a bad high-speed rattle at 35 or 38 m.p.h. and 
with the gears entirely out of mesh the noise was abso- 
lutely gone. With the secondary shaft in place we were 
able to do away with the rattle by putting a mechanical 
dampener into the clutch. 

CHAIRMAN MARKS:—Mr. White said that the me- 
chanical dampener in the clutch is one of the things 
with which we should become familiar. I had an experi- 
ence with a very bad medium-speed rattle. We intro- 
duced a flexible member into the driven-disk assembly 
of the clutch and it did away with that trouble. It not 
only helped in that particular speed range, but it helped 
materially through the whole driving range. The idea 
has since been adopted on cars of several other makes. 


PRELIMINARY EXPERIMENTS 


F. C. THOMPSON*:—The Morse Chain Co. started de- 
velopment of four-speed transmissions about 10 years 
ago. Its silent-chain transmission was satisfactory as 
to quietness and durability but not as to weight and 
cost. Realizing the advantages of the four-speed trans- 
mission, the company’s engineers continued their re- 
search and development work to produce a transmission 
having the two highest speeds sufficiently quiet so that 
either would be entirely satisfactory. Work has been 
under way for more than 3 years on the Thompson four- 
speed internal and external-gear unit, which can be used 
as an over-speed with direct drive on third speed, or an 
under-speed with direct drive on fourth speed. This 
unit can be used in connection with a standard trans- 
mission’ or incorporated in a special design. 

Direct drive on third, as shown in Fig. 1, has the ad- 
vantages of reduced propeller-shaft speed and lower axle- 
ratio, but, if the car is powered so it can be handled 
satisfactorily in traffic with a total reduction-ratio of ap- 
proximtely 3% to 1, direct drive should be on fourth 
speed and the internal and external gearing should be 
used for the third speed, to give quiet acceleration and 
hill climbing. Many modern cars have rear-axle ratios 
of about 5 to 1 to give sufficient acceleration and hill- 
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climbing ability. 
drive on third speed is more desirable. Direct drive 
should then be used for all ordinary driving up to 30 
or 35 m.p.h., with the overspeed for country driving. 
With a step-up of 7 to 10 the fourth speed reduction of 
such a car is 31% to 1, reducing the engine-speed 30 per 
cent for the same car-speed and considerably increasing 
the maximum speed of many cars. This arrangement 
retains the present high-speed engine and cuts down its 
operating speed. At speeds of 30 m.p.h. and more, fuel 
consumption and wear of engine parts are reduced and 
the operation of the engine is smoother, owing to the 
reduced engine-speed. Also, vibration at high speeds is 
reduced because synchronism is prevented when the 
crankshaft and the propeller-shaft rotate at different 
speeds. 

Having equipped a great number of cars of different 
make and size with four-speed transmissions, we have 
reached the conclusion that it is generally preferable to 
use an overspeed transmission unless the engine size is 
to be increased. One thing in favor of the over-speed is 
that the internal and external gears operate more quietly 
at the higher speeds. Whether the indirect high-speed 
is third speed or fourth, it must be sufficiently quiet so 
that it will be used at the speeds for which it is intended. 
Quietness is largely dependent upon rigidity, which 
means large shafts that will not deflect appreciably and 
large bearings rigidly mounted. The size of the internal 
and external gears also is of importance, the gears that 
operate most quietly being so large that they look en- 
tirely out of proportion to the rest of the transmission. 


With such a rear-axle ratio direct 


WILL AMERICANS SHIFT GEARS? 


C. D. McKim’:—With European cars changing to 
three-speed transmissions it seems more than ever a 
hopeless task to educate Americans to shift gears so 
often and with the same ease as do Europeans. With 
improving roads and increasing long-distance traveling, 
and with weight and economy unimportant, the three 
major essentials in car performance may be arranged in 
this order of importance: 

(1) Comfort 

(2) Acceleration, including hill-climbing and genera! 

performance 

(3) Economy 


The sensation you experience when coasting down a 
hill with the clutch disengaged and the engine idling is 
due largely to the low engine-speed. Transmissions, dif- 
ferentials and axles are not sources of power. There is 
only one sensible and mechanical way to get that com- 
fortable coasting sensation and that is to put more 
creative power under the hood. A little additional power 
can be had with little added expense, perhaps with less 
expense than a special transmission. 

THOMAS L. FAWICK”:—Twenty years ago engines were 
so large that they were clumsy and expensive to operate, 
but now they are smaller. Putting in a big engine does 
not cut down engine-speed, and that must be reduced to 
get comfortable driving-qualities on the country roads. 
On the smooth roads, where it takes very little horse- 
power to pull a car, it is a plain waste of energy and of 
material to put in a big engine and run it at high speed, 
even though the engine runs smoothly and quietly. If 
you put larger engines into present cars, other parts 
must also be larger and the result is larger cars instead 
of reduced engine-speed. Cut down the speed of the 
engine and with proper driving-ratios it will still pull the 
car and negotiate any ordinary hill. 
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FIG. 1—TRANSMISSION WITH THIRD-SPEED DIRECT 
Compact Morse-Design Transmission with Internal-Geared Over-Drive for Fourth Speed 


There are not many men here who have driven cars 
over hills in all kinds of conditions with a car that had 
two quiet driving-ranges. If you ever drive such a car 
you will no sooner drive a car with a three-speed trans- 
mission than one without a self-starter. 

Mr. CRAWFORD:—We find that one 300-cu-in. engine 
develops a maximum output of 75 hp. while another of 
the same size develops 115 hp., over 50 per cent more 
than the first. Considering the wonderful output of 
racing engines, it seems possible to get materially better 
engine-performance than we have, and at the same time 
to make engines smaller and lighter. I appreciate the 
advantages of the four-speed transmission; perhaps that 
is the solution with an under-powered engine; but I 
believe we should work more for simplicity and for 
greater output from our engines. 


Most DRIVING IN FOURTH SPEED 


G. C. MATHER” :—Until a long trip has been taken in 
a car equipped with a quiet, efficient four-speed trans- 
mission it is impossible to conceive the comfort and en- 
joyment of such a ride, due largely to the low engine- 
speed with a comparatively high vehicle-speed. 

Many believe that the fourth speed can be used only 
in the open country or at speeds from 25 m.p.h. up, 
which is not correct. We find, and recommend to our 
customers, that at any speed above 10 m.p.h. fourth 
speed can be used unless extremely rapid acceleration is 
desired. 

My company has had in production the model equipped 
with the four-speed transmission since the end of Febru- 
ary and, according to reports we receive from our dealers 
throughout the Country, this device is being received by 
the public with even more enthusiasm than we had an- 
ticipated, which, in the last analysis, is the most impor- 
tant consideration. 


11 M.S.A.F Chief engineer, Paige-Detroit Motor Car Co., Detroit, 


2M.S.A.E.—Manager and treasurer, Continuous Torque Trans- 
mission Co., Cleveland. 


One opinion mentioned in: the discussion was that the 
four-speed transmission is unnecessary. Most car 
manufacturers establish the minimum performance, se- 
lecting some more or less well-known grade, such as 
Uniontown Hill, which the car must be capable of climb- 
ing in direct drive at a certain minimum speed, or with 
a fixed minimum elapsed time. In a vehicle capable of 
climbing such heavy grades on direct drive, the engine 
is running entirely too fast for 90 per cent of the driving. 

Others opposed to the four-speed transmission advo- 
cate a larger engine and a higher-geared axle to attain 
the same smooth running. No matter how large the en- 
gine and how satisfactory the performance, it can be 
greatly improved by the addition of the four-speed 
transmission. 

If we did not have the four-speed transmission in our 
own car this model would have a rear axle geared 
4.8 to 1.0. With the four-speed transmission it is 
geared 3.69 to 1.00 in direct drive or fourth speed, which 
is used more than 90 per cent of the time even in hilly 
cities such as Pittsburgh. We also have the advantage 
of a quiet-running third-speed, geared 5.25 to 1.00, that 
can be used for the occasional conditions when extremely 
rapid acceleration is desirable, or when extraordinarily 
heavy grades are encountered. 

It is my opinion that within the next 2 years the use 
of the four-speed transmission will spread throughout 
the industry, and that a car without it will be almost as 
rare as one without electric lighting-equipment. 

C. E. F. AHLM”:—Mr. White has given us an instruc- 
tive contribution to a subject which is now uppermost in 
the minds of the automotive engineers and, I dare say, 
of the public as well. The desirability of a fourth speed 
has long been recognized but no real progress was made 
until the admirable qualities of the internal gear were 
brought out by study and practice. 

A fourth speed, whether built into the main transmis- 
sion or an auxiliary, whether an over-gear or an under- 
gear, to be commercially acceptable must be quiet, effi- 
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cient and easy to manipulate under any conditions of 
road or speed. Quietness is attained by the inherent 
features of the internal gear, important considerations 
being manner of cutting, tooth difference between the 
mating gears, backlash, pressure angle and mounting. 
We have used full ball and roller-bearing mountings and 
plain bearings with equal success. The ball and roller- 
bearing transmissions aré heavier and more expensive 
than the plain-bearing units, but in most cases they make 
it possible to dispense with forced lubrication. 


ADVANTAGES OF PLAIN BEARINGS 


With plain bearings it is possible to reduce the size 
of the internal gears considerably, thereby reducing 
their pitch-line velocities as well as the size and weight 
of the entire transmission. Though plain-bearing 
mountings may be somewhat greater in length, they are 
simpler and cheaper, and more certain to give quiet 
operation if properly lubricated, largely because of the 
cushioning effect of the oil film between the rubbing sur- 
faces. Medium engine-oil forced through the plain 
bearings by a small pump drawing clean oil from a 
baffled reservoir has proved very satisfactory. In some 
instances we have found it convenient to pass the oil 
over a set of small magnets attached to the bottom of 
the reservoir, thus preventing steel flakes or scale from 
the gears from being forced into the bearings. 

Efficiency of the fourth gear is of utmost importance, 
and here again the internal-gear assembly is superior to 
spur gears. If correctly made and mounted there should 
be less than 2% per cent loss in a set of fourth-speed 
internal-gears. 

The shift between third and fourth gear, or vice versa, 
in a four-speed transmission must be easy, quiet and 
positive. The operator should and will use the extra 
speed frequently to secure the fullest benefit of the com- 
bination. It is true that the difference in ratio between 
third and fourth speed is less than between second and 
third in the conventional arrangement, but still we find 
that the ordinary method of gear-shifting is impracti- 
cable, and after much study I have devised a clutching 
arrangement” in which the permanently mounted rota- 
tive members are clutched together by a hollow sliding 
clutch provided with a set of internally-projecting teeth 
at each end. One set of these teeth is in constant mesh 
with one of the rotating members while the other set is 
made to engage with teeth hobbed on the member to or 
from which motion is to be transmitted. From this 
second set of teeth in the sliding clutch-member is cut 
out every other tooth, or two of every three teeth, de- 
pending upon the characteristics of the shift under con- 
sideration. The mating member has an equivalent num- 
ber of external teeth cut away for a distance of 7/64 to 
1% in. This introduces into the shift a definite time- 
element, resulting in an easy, positive and quiet shift. 


SHORT DEMONSTRATION NOT CONCLUSIVE 


S. O. WHITE:—Most of those who object to the four- 
speed transmission have had little or no actual experi- 
ence with it. To appreciate it fully one must spend a 
day, or perhaps a week, in both level and hilly country 
and in city traffic, with both good and bad roads. 

Since the advantages come largely from the fast axle, 
the obvious question is, Why not provide the fast axle 
with a conventional three-speed transmission? The 
answer is another question: Why is this not being done 
generally at present, since there is nothing new about a 
fast rear axle? 


13 See THE JOURNAL, February. 1927, p. 250. 


It is quite possible to use a fast axle if a sufficiently 
large engine is provided. Some of the speakers have said 
that there is no particular objection to a large and pow- 
erful engine, and have cited examples of certain promi- 
nent foreign cars that are adopting three-speed trans- 
missions and leaving the four-speed. These are in the 
heavy-car class, and there is a certain limited market for 
very large and powerful cars among a small class of 
people to whom the amount of gasoline they buy is of 
no particular moment; but, with the increasing density 
of traffic, the small car is coming constantly to the front. 
There are several notable examples of new, high-grade 
small cars. With more general extension of paved roads 
and the improvements that are constantly being made 
in body construction, spring-suspension and chassis 
mounting, the riding-qualities that were formerly found 
only in the heavy, long-wheelbase cars are gradually 
being acquired by the smaller cars. Except for a limited 
market, the day of the large and heavy car is passing. 
Furthermore, it is well known that the trade-in value of 
a large car is much less in proportion to its initial price 
than that of a small car, because people buying second- 
hand cars usually are not willing to pay for the large 
tires, heavy gasoline consumption and generally expen- 
sive upkeep of a heavy car. 


A POWERFUL ENGINE NOT EQUIVALENT 


There are certain qualities in the four-speed internal- 
gear transmission which give results that cannot be ob- 
tained with a three-speed transmission. A fast axle 
with a very powerful engine only partially accomplishes 
the results desired. As mentioned in the paper, the 
second speed of three-speed transmissions is a com- 
promise, too slow for good hill-climbing work. It is also 
so noisy that drivers object to using second speed even 
so much as it should be used with the present cars. It 
has been suggested that the transmission manufacturers 
should put more effort into refining the present trans- 
missions. Transmission manufacturers and car builders 
with thousands of engineers and gear experts have been 
working on this problem ever since transmissions were 
first brought into use, with the result that the transmis- 
sion of today, though far from perfect, is a considerably 
refined product. Engine builders have so much trouble 
to produce quiet timing-gears that many have adopted 
silent-chain drives. 

While the internal-gear drive is not entirely silent, it 
is more nearly silent than any spur-gear drive. With it 
one can now drive up or coast down a long mountain 
road with about the same amount of noise as from one 
of many rear axles and, now that attention has been 
focused upon it, improved methods of mounting and of 
gear cutting will make the internal drive still more 
nearly silent. 

It is quite feasible to produce a three-speed transmis- 
sion with an internal-geared second-speed, but as a large 
part of the expense connected with this design is charge- 
able to the internal-gear mechanism itself, the difference 
in cost between such a transmission and the four-speed 
is not very great, while there are many advantages in 
favor of four speeds. 

Shifting between third and fourth speeds has already 
been mentioned. If shifting between second and third 
could be made easier in a three-speed transmission it 
would be worthwhile, provided it did not entail too much 
added mechanism. In the design under consideration 
the mechanism for shifting between third and fourth is 
very simple and the shift is so easy that the driver 
almost unconsciously makes more use of the next-to-top 
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speed than he ever did before. It would be worthwhile 
if we could get him to do the same with three-speed 
transmissions. 

GEARSHIFT POSITIONS 


A suggestion has been made to arrange the four-speed 
control so that first speed would be considered an emer- 
gency low and be latched out, having three forward 
speeds and a reverse in the same arrangement as in a 
standard three-speed shift. At first thought this is an 
attractive idea and quite possible to accomplish, but 
further consideration makes it seem questionable 
whether such an arrangement would be so desirable as 
claimed. 

Ever since four-speed transmissions have been built 
for either passenger-cars or trucks it has been customary 
to latch out the reverse. Garage and parking-lot at- 
tendants are familiar with the usual truck-shift, and 
when a four-speed car is left in their care they expect to 
find reverse protected by the latch on the control lever. 
In the course of about 2 years’ experience with many 
different cars and garages all over the Country we have 
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found no particular difficulty from this. We are afraid 
there would be difficulty if the first speed were the one 
latched out, because the garage attendant would expect 
that to be reverse and would perhaps find out too late 
that it was a forward speed. First speed is used fully 
as much as reverse, and second gear is too high to oper- 
ate satisfactorily in trying to rock the car out of deep 
snow, mud or sand, so there would have to be a cross- 
over between first and reverse for this. 

The present generally used three-speed arrangement 
is not ideal because in high the control lever is in the 
way of the knee of the occupant of the right-hand seat. 
With the arrangement that we have, fourth speed finds 
the control lever in a forward position, close to the in- 
strument board and entirely out of the way. The pres- 
ence of a thumb latch on the four-speed transmission 
reminds the driver of the control arrangement. 

It would be very unwise to overlook or condemn the 
four-speed transmission on purely theoretical considera- 
tions without a very thorough try-out under a great 
variety of driving conditions. 





DIESEL-ENGINE 


MONG the more important future motor-transport de- 

velopments the general application of the Diesel engine 
to road-vehicle propulsion now seems more than probable. 
In view of its long success as an economical and reliable 
power producer for marine and stationary work, it is, in 
fact, surprising that it has not already become a compet- 
itor to be reckoned with in a field where the gasoline engine 
has gained so great a lead. Admittedly, the practical diffi- 
culties of adapting the Diesel engine to road-service con- 
ditions have been great enough to discourage the most in- 
trepid designers when one considers the importance attached 
to weight and size reduction. That great progress has 
been made in this direction, however, can be gathered by 
the fact that Diesel and semi-Diesel engines suitable for 
aircraft propulsion have been constructed. 

Credit for the development of light high-speed engines 
operating on the Diesel principle lies chiefly with Conti- 
nental and American designers and manufacturers, and 
there appears to be some danger of British engineers being 
left behind in this particular field. Already in Germany 
a number of Diesel-engined motor-trucks have been run- 


DEVELOPMENT 


ning under ordinary service conditions with decidedly en- 
couraging results, the power units demonstrating not only 
degrees of flexibility and reliability comparable with those of 
the ordinary gasoline engine, but indicating the considerable 
economy possibilities of using fuels materially cheaper than 
the lowest grade of motor fuel. It is, of course, in this 
latter connection that the Diesel engine holds principal 
attraction for the motor-transport user, particularly in un- 
developed countries overseas, where suitable fuel can be 
obtained from local sources and where motor fuel is pro- 
curable only with difficulty and at prohibitive cost. 

For fast light-load vehicles the electrically ignited car- 
bureter-engine is not likely to be displaced, at least for 
many years, but for large and medium-capacity machines 
we believe the advent of the Diesel engine has been brought 
very much nearer by results recently achieved on the Con- 
tinent. In the direction indicated there is yet a very wide 
field for experiment and research, and it is to be hoped 
that realization of the prospects by British manufacturers 
will assure at least their equal participation in the work 
to be done and its reward.—Motor Transport (London). 








PANAMA CANAL OUTGROWN 


EVIVED discussion of a trans-Isthmian canal at Nica- 
ragua is a reminder of the stupendous industrial devel- 
opment and transportation demands of the Country in re- 
cent years. When the Panama Canal was opened, few 
people believed that, short of many decades, it would pay its 
way. Inside of 12 years, it is paying for operation, interest 
on the investment and a big annual profit to the Govern- 
ment. Now its business is in sight of exceeding the canal’s 
capacity. Whether a new ditch shall be built in Nicaragua 
or the Panama Canal shall be rebuilt to increase its capac- 
ity, it has suddenly become seriously doubtful whether either 
plan can be executed soon enough to avoid congestion. 
By far the largest factor in the canal’s business is one 
which nobody anticipated at all when the canal was started, 


namely, the transport of petroleum. While this particular 
business has grown so fast that it threatens to exceed the 
canal’s capacity, it has not only taken no tons away from 
the railroads, but has actually added enormously to their 
freight business. 

Rough estimates place the cost of the canal at Nicaragua 
around $1,000,000,000; Panama cost about $400,000,000. For 
approximtely $125,000,000 new locks and dams could be 
constructed which would greatly increase the capacity at 
Panama. But the argument against putting all the eggs in 
one basket is potent, because both industrial requirements 
and security of naval movements are widely believed to dic- 
tate the policy of having two canals rather than a single 
greater one.—American Petroleum Institute News Bulletin. 
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The High-Performance Small Car 


Discussion of T. J. Litle, Jr.’ 


s, Pennsylvania Section Paper 





TATING his belief that we are on the threshold of 

the most revolutionary development that the indus- 
try has ever witnessed and remarking the stages 
through which the industry has passed, the author men- 
tions the apparent settling down of the industry to the 
refinement of its product and says that comfort and 
performance now dominate the American mind in its 
demand for better automotive transportation. He be- 
lieves that America will not copy the foreign car, al- 
though the good features of the many foreign designs 
are recognized; but he predicts that the influence of 
racing-engine development will be felt and that the 
present ideas of engine building will be entirely 
changed on account of the wonderful performance of 
racing cars, the result being a small high-speed high- 
power passenger-car engine operating at a speed of at 
least 4000 r.p.m. The author sees the completed evo- 
lution eventually of a small car that will be equipped 
just as luxuriously as the finest car on the American 
market, one that will be fitted with a special custom 
body but will be in no sense cheap. 


H. L. BROWNBACK*:—I have been particularly fortu- 
nate in living part of the time in Paris as well 
as part of the time in the United States. As I 
know a great many foreign automobile designers rather 
intimately and speak their language, being of their 
race, they probably talk to me a little more easily 
than to the average person who goes over there. In 
addition to this, about a year ago I bought one of the 
very latest types of French car, not what they call a 
small car but a medium-sized car, brought it to the 
United States with me last spring, and have been driving 
it here this summer in conjunction with an American 
car, to find out how the two cars compare. 

One of the principal features of the French car is 
the small engine. As Mr. Litle has said, they had to get 
performance from the small engine so they began by 
increasing the speed. Most of the L-head engines run 
at 3600 r.p.m., some at 4000 r.p.m. and others at 5000 
r.p.m., so the question of lubrication is brought to the 
fore. The vehicles in which these high-speed engines 
are installed must push very easily. I think that is 
where the American chassis is deficient. The average 
American chassis with roller bearings and not-too-care- 
ful alignment, using heavy grease in a great many parts, 
does not push easily. If I jack up one rear wheel of this 
little French 10-hp. car, using castor-oil in the rear axle, 
the wheel will turn until the tire valve is at the bottom. 


DETAILS OF EUROPEAN CARS 


The use of roller bearings is almost unknown in the 
small, easily pushed foreign car. Ball bearings are used 


‘The paper, which was presented at a meeting held at Phila- 
delphia on Nov. 9. 1926, was printed in the December, 1926, issue 
of THE JOURNAI The author is an engineering production con- 
sultant, Detroit: also vice-president in charge of engineering, Cope- 
land Products, Inc., Detroit 

2M.S.A.6.—Managing partner, Henry L. Brownback & Associates: 
vice-president and general manager, Brownback Motor Laboratories, 
Inc., New York City 





Regarding the present types of car, the author 
prophesies, first, the elimination of the very cheap hard- 
riding car of obsolete design; second, the discarding 
of the medium-price car in about the same class; and, 
third, that the new engineering school will create the 
fine small car. Although he recognizes that the Amer- 
ican and the European problems are very different, he 
says that Europeans are coming gradually to the 
American idea and that the European public even- 
tually will buy millions of new cars of a type that will 
provide comfort, luxury and maximum performance. 
He is convinced that the industry can learn much from 
the designers of racing cars and that supercharging 
and the use of high-compression fuels will be included 
in future improvements. He sees an era of production 
of many fine small and medium-size cars and the for- 
mation of numerous companies for that purpose. 

European practice in small cars was treated in the 
discussion, including their performance on American 
roads and the attitude of American drivers toward 
such cars. 


in the front and rear wheels and on either side of the 
differential. The springs of the chassis hug the road 
rather closely, and enclosed propeller-shafts and shock- 
absorbers are almost universal. Every car uses shock- 
absorbers. 

Another thing that is practically universal, even with 
the small 5-hp. cars, is the use of four-wheel brakes. 
They are absolutely necessary over there. The four- 
wheel brake that they use is radically different from the 
American. In practically every case it is an internal- 
expanding mechanical-brake faced with very hard brake- 
lining, the brakes dropping away from the brake-drums 
to allow an absolutely free-turning brake-drum when 
released; and, in the majority of cases, the brake-drums 
are steel forgings. The trend is toward the light six- 
cylinder engine, not so much for home use as for export 
sale. 

The European chassis is more flexible than the Amer- 
ican chassis. Foreigners have gone in more for the sport- 
ing type of car. When closed bodies are put on, they 
have a tendency to rattle badly on the cobblestone roads 
in France, even on the fine cars. 

Another thing that is causing some trouble is front- 
wheel shimmying with balloon tires. The shimmying 
has not been so bad there as in American cars because 
the engines are so small that if the balloon tires are run 
under-inflated, as they are in this Country, all the power 
is consumed. To a great extent that has prevented 
shimmying. 


A FRENCH CAR ON AN AMERICAN HILL 


On the road between Philadelphia and Reading, above 
Norristown, is a hill called Providence Hill which has 
approximately a 15-per cent grade about 1/3 mile long. 
If I reach that grade with my little 10-hp. car when 
running at about 35 m.p.h., with 35-lb. per sq. in. air- 
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pressure in the tires, which are about 544 in., I can go 
up the grade carrying two passengers with very little 
loss of speed. At a speed of 25 m.p.h. I can just about 
go over the hill. At 20 m.p.h. I go over nicely in second 
speed. If I strike the grade at 15 m.p.h. I must go into 
low gear; then, when the engine-speed reaches 3000 
r.p.m., I can change to second gear and keep the speed 
up to 2500 r.p.m., but it is necessary to go through that 
procedure. If there is only 15 lb. of air in the tires I 
have some difficulty in getting over the hill. The gear- 
ratio is about 4% to 1. 

The steering-gears are high-grade, irreversible and 
quick. The steering-wheels are more or less flexible. 
A spring-steel-spoke wheel is made with a very flexible 
thin rim. Ordinarily, steering-wheels are made of cellu- 
loid with an aluminum rim having little elasticity. 

With its extremely high-speed engine a little French 
ear is very fast, although it looks like a cut-down “fliv- 
ver.” L-head engines have a 514-to-1 compression-ratio 
and develop 33 hp. at 4000 r.p.m., and the gear-ratio is 
31% to 1. 

Lubrication is one of the things with which I experi- 
mented after coming to the United States. With ordi- 
nary mineral-oil of medium viscosity and high quality 
I can get about 96 km. per hr. (60 m.p.h.). Using cas- 
tor-oil I can get about 115 km. per hr. (71 m.p.h.). To 
maintain high speeds, castor-oil must be used. The engine 
will not operate with ordinary gasoline. It is dead; it 
simply detonates. The car weighs 2500 lb. 

Another thing in which the small French car differs 
from American cars is the tread. It is about 53 in. on 
a 112-in. wheelbase, as I recall. They have found, by 
careful experimentation, that there is a certain relation 
between the tread and the wheelbase at which the ve- 
hicle is most stable. It was found on some cars with 
very short wheelbases that increased stability is ob- 
tained if the rear tread is made slightly wider than the 
front tread. This is noticeable and a very important 
point with small high-speed cars. After more concrete 
roads have been built in this Country I think the 56-in. 
tread will not be so necessary as it has been. 

About the only other thing that is very noticeable in 
foreign cars is the use of a stiff clutch. The clutch has 
a single plate clamped between two surfaces, with as- 
bestos composition on both sides, generally engaging 
with six or eight springs, and its operation is exceed- 
ingly stiff as compared with American designs. 

The main thing, as I have tried to outline briefly, is 
the extremely easy running of the chassis. The high- 
speed high-compression engine necessitates a_ little 
better manufacturing than we have been getting in 
vehicles in this Country. In the European factory, girls 
who receive about 4 francs per hr. are used on produc- 
tion work. A skilled mechanic, who wears wooden shoes, 
gets 5 or 6 francs per hr. 

B. B. BACHMAN’*:—Another thing might enter into 
this discussion: Whether the American pubiic as a whole 
will accept a development such as this that has been 
very acceptable abroad. The small car certainly seems 
popular in France where it is seen in large numbers. 

C. O. GUERNSEY*:—Every year we see in the trade 
papers pictures and specifications of composite cars of 
various classes. Mr. Litle has spoken of three classes of 
light-weight car: (a) the light-weight, high-efficiency, 


M.S.A.E.—Engineer, Autocar Co., Ardmore, Pa. 

*'M.S.A.E.—Chief engineer, automotive car division, J. G. Brill Co., 
Philadelphia. 

> M.S.A.E.—Consulting engineer, Engineering Developments, Inc., 
Philadelphia 


luxurious car that must sell at a high price, comparing 
with the present cars of the $2,500 class or higher; (b) 
the car having a high-efficiency, high-speed engine, mod- 
erately well equipped, which would compare with cars in 
the present $1,500 class; and (c) the cheaper high-effi- 
ciency, six-cylinder car, which is intended to replace the 
present four-cylinder car selling at from $600 to $1,000. 

I should like to ask Mr. Litle to draw specifications for 
those cars; telling not how large the engines should be 
but what the cars will weigh, their top speed, their ac- 
celeration, what kind of brakes they will carry, and 
giving his idea of the various types, with pictures of 
their performance rather than of the cars themselves. 


ONLY FouR CYLINDERS NEEDED 


H. C. GiBson’:—I do not think we are here to criticize 
Mr. Litle, although he seems to ask for it. We must first 
overcome the inherent generosity, or is it the spend- 
thrift tendency, of the public of the United States, the 
motoring public at any rate, which is certainly willing 
to pay for comfort. Supreme comfort apparently is not 
secured in the cars that Mr. Litle has described, although 
I believe we can get all the comfort we need in a light 
cheap four-cylinder car. 

I believe that the six-cylinder car would not be so 
popular as it is today if the four-cylinder engine had 
less vibration. I do not think anyone minds the vibration 
produced by the push in the cylinder so much as vibra- 
tion from other sources. As a matter of fact, a great 
many persons like to feel the pull of the engine. -If the 
four-cylinder engine can be freed from objectionable 
vibration, that would help toward getting a satisfactory 
light car. The four-cylinder engine is lighter for its 
horsepower than is the six-cylinder engine, and that is 
why so many of them are used in the lighter cars. 

We can obtain high engine-speed here. We have not 
developed automobile-engine bearings to the extent that 
we might to take care of the high speed, but it is ac- 
complished in the motorcycle engine. These engines 
have beautifully ground hard-steel-bushed bearings that 
will last practically forever. Following the practice that 
seems now to be confined to the motorcycle would afford 
a fine opportunity of getting a very much lighter car. 
With a lighter car smaller tires can be used. Balloon 
tires are very cumbersome and involve the use of heavy 
rims. 

Much more attention should be paid to the reduction 
of friction and the weight in the car, and longer springs 
should be used. American cars are difficult to push be- 
cause of the excessive weight provided for comfort. 
Nevertheless I do not believe that America is going back- 
ward. The well-made light-car is already here. 


AMPLE PASSENGER-SPACE REQUIRED 


Mr. BACHMAN :—One phase which it seems to me has 
not been brought out in the specifications that Mr. 
Guernsey asked Mr. Litle to give is, how many passen- 
gers will the car carry? It seems to me that this is a 
very pertinent question. I do not believe that the human 
figure will change very much or very rapidly. Conse- 
quently, the space that must be provided for passengers 
will have a powerful influence on what the ultimate size 
of the vehicle will be. For instance, take the matter of 
tread, which has been mentioned. If two persons are to 
be carried on the rear seat of a low-hung body between 
balloon tires it seems to me that the matter of tread is 
nearly settled. The same is true of the fore-and-aft 
dimensions. Many of us have long legs and we have a 
habit of resting our weight on the back of the neck when 
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we sit. This has an influence on the fore-and-aft dimen- 
sions. Perhaps we can reduce the engine to such a size 
that it will not take up much room, but the American 
public seems to want something in front of the passen- 
ger space. So it seems that the dimensions of the car 
are rather definitely controlled by considerations of com- 
fort and appearance. 

Mr. GUERNSEY :—In addition to asking for a specifica- 
tion, I should like to have Mr. Litle sell me that car. 
Will it be sold on the basis of comfort, performance, low 
cost of operation, long life, or convenience in parking? 
What is the feature that will make it possible to sell the 
car to the public in competition with cars such as we 
have? If it is on the cost of operation, which is one of 
the wbvious things that must be considered in small cars, 
a $2,500 car costs about $0.15 per mile to run; and of 
that amount we should allow about $0.08 for deprecia- 
tion. The highest charges: garage, cleaning, interest, 
insurance, license, gasoline tax, depreciation, and in- 
terest on the investment, will amount to about $0.11 of 
the $0.15. If the car is to sell for the same price, there 
will be little saving unless the depreciation or some of 
the fixed charges can be reduced. The savings that can 
be made on fuel, tires and the like amount to only $0.01 
or $0.02 per mile. 


ADVANTAGES OF ELECTRIC TRANSMISSION 


W. J. MAYER’:—The trend of automobile design seems 
to be toward the tremendously high-speed engine, in- 
volving many difficulties in the accurate dimensions of 
the pistons and other parts because of the very fine ma- 
chining that is necessary to secure proper balancing. 
It is a question whether some advantage cannot be 
gained by developing the electric transmission and using 
an engine-speed of possibly 2000 to 2500 r.p.m. A gen- 
erator of this speed would not be excessively heavy nor 
bulky. By automatically cutting-out field resistance in 
the generator, or by shunting current around the fields, 
the engine-speed could be reduced at high car-speed. 
This would simplify the problem of lubricating bearings 
and gears. 

CHAIRMAN E. W. TEMPLIN’:—Three men in my office 
recently were figuring what it cost to own an automobile 
because of the depreciation. One man owning a Dodge 
car figured the cost to be $0.90 per day; another man 
owning a Chrysler, and the third with a Cadillac, esti- 
mated the cost to be practically the same. If it costs the 
same to own any car, we may as well have what we 
wish; and possibly Mr. Litle will produce it for us. 

I noticed particularly Mr. Litle’s reference to light 
bodies. At the American Electric Railway Association 
convention in Cleveland in October, 1926, a street-car of 
large size was shown having its body made completely 
of aluminum. So far I have not heard of an automobile 
passenger-car body being made completely of aluminum. 

Mr. MAYER:—We have experimented with duralumin 
for body construction. In 1922 we built a phaeton body 
on a chassis of a prominent make. We wished to see 
how this metal could be handled in this sort of produc- 
tion work. The body was welded together, not riveted. 
This body has been in continuous use at our plant ever 
since without developing any serious defect. At present 
the manufacturing of duralumin automobile-bodies on a 
large production scale is out of the question. The all- 
steel body is heavier than one of aluminum but steel is 
preferable on account of the lower material cost and 
greater ease in handling. 


6° M.S.A.E.—Assistant chief engineer, Edward G. Budd Mfg. Co., 
Philadelphia. 


7 M.S.A.E.—Chief engineer, Six Wheel Co., Philadelphia. 


A SMALL CAR CAN BE COMFORTABLE 


T. J. LITLE, Jr.:—Regarding the comfort of these 
light bodies, I have said that the small car will be as 
easy riding as the finest car in America today. There 
is no reason that a small car cannot be just as comfort- 
able as a larger car. Size does not necessarily regulate 
comfort as it does in the American car today. I have 
ridden in some small cars that are comfortable, and some 
that give the impression of sitting on a telephone book 
on the floor. The latter style of car would not be popu- 
lar here, you may be sure. 

It may be said that the three men who so carefully 
compared notes on the cost of operation of their three 
cars were engineers, and engineers sometimes make mis- 
takes. But, to speak seriously, it is difficult to obtain 
an expression of that sort from ordinary men, because 
very few know what it costs to operate their cars. I 
doubt whether many of you here know exactly how many 
miles per gallon your own car will go. 

I hesitate to specify exactly what these cars that I 
mentioned will weigh; my guess is that the small car 
will weigh about 1200 lb., will have 125 or 150-cu-in. 
piston displacement and seats for four passengers. I 
think the middle-size car will weigh about 2500 lb., will 
carry five passengers, and have an engine of 225-cu-in. 
displacement. The large car will not resemble these 
cars. I think the seven-passenger car will weigh about 
4000 lb. and have an engine of about 400-cu-in. displace- 
ment. When the rich man buys the large vehicle, he will 
desire and demand in this the same performance that 
he can get in the small one; therefore he will demand 
a large engine. That is an entirely different demand 
to fill. 

It has often occurred to me, and I suppose to others, 
that it is strange that foreign manufacturers have not 
come to this Country more to manufacture their product 
or to sell their cars. They have not sent many cars 
here, and some of us wonder why, if we are coming to 
the light car, they could not bring over some cars now 
and sell them. I believe some of them could do so. 


PERFORMANCE SELLS CARS 


The paramount selling feature of the small car will 
be better performance. We want cars that will out- 
perform those we are now driving, otherwise we will 
keep the old ones. Better performance seems to be the 
principal reason for buying a new car: Of course body 
style and beauty will always be important. I think we 
make much better looking cars in this Country than 
they do in Europe. In the automobile salons in New 
York City the American bodies are much handsomer than 
those of the foreign cars. We will buy better looking 
bodies and better performance every year. 

So long as the cost of operation is not excessive a 
difference of a fraction of a cent per mile for operation 
will not be very important in this Country. We are not 
troubled by such high taxes as there are in Europe. 
Greater economy is desirable but that will not sell a car. 
Riding comfort will be very important, because cars that 
are hard riding cannot be sold in America. 

The gasoline-electric combination, I think, will be too 
heavy for passenger-cars. It is smooth running, but 
too heavy and unnecessarily complicated. 


EXORCISING VIBRATION 


We all have used some barnyard engineering, otherwise 
known as common sense. In the development of the 
Lincoln car we had to do some of that kind of engineer- 
ing. After the car was designed and placed on the 
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market it was found to have entirely too much vibration. 
At that time we had no chief engineer and I was in 
charge of the experimental department and research 
laboratories. We had a meeting at which all the engi- 
neers gathered in the president’s office to decide what 
should be done to make the engine good. At least 11 
or 12 engineers were drawn into that conference. It was 
decided that we would experiment with many different 
things that might cause vibration in the engine. I sug- 
gested that perhaps the 32-0z. cast-iron pistons or the 
connecting-rods were too heavy, or that the vibration 
was in the crankshaft, the camshaft, the vertical shaft, 
the fan, or in anything that moves on the car. After dis- 
cussion it was decided to replace with heavier parts the 
parts suspected of giving trouble. The program we laid 
out would have required about 3 months. I thought it 
over that evening, and the next morning proposed to 
proceed a little differently. So we towed an offending car 
behind another car and dropped in the clutch. We threw 
off the fan-belt and took one moving part after another 
off the engine until nothing was left but the crankshaft, 
connecting-rods and pistons; still most of the vibration 
remained. Not having aluminum pistons available, we 
cut down the heads of those we had until they weighed 
about 13 oz., the estimated weight of aluminum pistons. 
At that point most of the vibration ceased. That assured 
us that lightening the pistons and reducing the recipro- 
cating weight would give us the greatest improvement. 
This is a good way to check a product. 


OVERCOMING RESONANCE 


On the same car was an aluminum roof, as beautiful 
as the side panels of the body. There was considerable 
vibration in the body and I wished to put on a softer roof 
that would not produce such a resonating effect in the 
body. An engineer, in an argument for a change, must 
sometimes resort to simple fundamental experiments to 
prove his point. I remembered an old experiment, that 
we used to perform at school, of sprinkling sand on a 
plate, vibrating the plate with a violin bow and seeing 
regular designs form. To prove that the roof was vi- 
brating, we sprinkled sand over the roof and obtained 
beautiful designs when the engine was running, one de- 
sign over the front seat and two over the rear seat. 
Then we put heavy sand-bags on those spots, deadening 
the vibration. When we showed this to the officials, they 
said “That’s fine; how can we put this weight on the 
aluminum roof?” I objected, explaining that the roof 
was a resonator that was causing all the trouble, and 
that we should use a soft roof. They insisted on re- 
taining that beautiful roof, and we actually put on 
hundreds of little lead weights, attached by bolts, to stop 
the vibration, but eventually we adopted a soft roof. 


SMALL CAR 
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The wheelbase of the small car would probably be about 
100 in., possibly a few inches longer. Wheelbases of the 
other cars would be in proportion. I think the size and 
weight of the large, luxurious car in America will not 
be much decreased. The change probably will apply only 
to small and medium-size cars. 


NARROW TREADS 


A MEMBER:—In Europe they usually make the tread 
narrower than it is here. If the wheelbase is 96 in. and 
the tread 56 in., the car presents a chopped-off appear- 
ance. The appearance is not the same if the car is 
narrow. 

Mr. LITLE:—That is true, but some of these cars must 
occasionally go on rough roads in the country; and a 
narrow-tread car is not good on a muddy road. 

Mr. BROWNBACK :—lIn the case I mentioned, the car 
was very unstable until they made the front tread nar- 
rower than the rear tread. 

A MEMBER:—Can riding-quality be obtained in the 
light car as readily as in a heavier car? Will that lead 
to some departure from the present spring-practice, or 
will good riding be confined to cars of the better class? 

Mr. LITLE:—I think a decided departure in the design 
of springs will be necessary. I do not agree with some 
of the spring manufacturers that a good-riding car can 
be secured with only a few leaves in the spring. 

A MEMBER :—The riding-quality depends upon the pro- 
portion of the sprung to the unsprung weight. How can 
we maintain that? 

A MEMBER:—The same proportion of sprung to un- 
sprung weight cannot be obtained in the small car as in 
a large one. 

Mr. LITLE:—I think we should replace the front brakes 
with aluminum brakes, thus cutting down the unsprung 
weight. 

A MEMBER:—Do you think the parking problem will 
eventually have much effect on the wheelbase? 


Mr. LITLE:—Yes; I have often noticed the ease of 
parking a Ford. 


CORRECTION IN WINCHESTER PAPER 


f emma gaene- an error in the last paragraph on p. 69 of the 
paper entitled Operation and Maintenance in the July 
issue of THE JOURNAL, J. F. Winchester’s meaning was re- 


versed. The first example given in this paragraph should 
read as follows: 


We have found the use of single-point boring-tools 
instead of line reamers for connecting-rod and main 


bearings results in a more accurate job and requires 
much less hand work. 
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EPORTING on the progress of the Cooperative 

Fuel Research, the author considers first the gen- 
eral subject of engine acceleration and then describes 
the test equipment and procedure of the present in- 
vestigation. Discussing the degree of accuracy essen- 
tial and before presenting the results obtained, he 
calls attention to the determination of a change in 
engine-torque of the order of 1 lb-ft. if a tachometer 
or a chronograph is used to determine acceleration. 
The smallest change in engine-speed that could be 
detected by the equipment used in this investigation 
was 2% r.p.m. per sec., which is equivalent to a torque 
of about 2 lb-ft. 

The calculation of theoretical acceleration is ex- 
plained. A description of the first series of engine 
tests, consisting of a comparison of the maximum 
acceleration obtained with three different carbureters 
used without accelerating wells, is included. A series 
of tests was made, using one of these carbureters, to 
ascertain the effect of changing jacket-water temper- 


NE of the major problems with which the Co- 
operative Fuel Research’ has been concerned for 
the last 6 months has been a study of engine 

acceleration. This investigation was undertaken in ac- 
cordance with a recommendation made by the Steering 
Committee on Dec. 4, 1925, which states that 
The study of engine starting which has thus far 
dealt with the obtaining of the initial start ultimately 
should cover the behavior of the engine during the 

“warming-up” period, particularly as regards accele- 

ration. 

Before attempting to study engine acceleration during 
the warming-up period, it seemed desirable to consider 
the general subject of engine acceleration. Motor-car 
acceleration or flexibility depends, not only on the ability 
of the engine to accelerate, but also on such matters of 
car design as the gear reduction from the engine to the 
rear wheels and the ease of gear-shifting. The present 
investigation has reference to engine rather than to car 
acceleration and, in particular, to the effects of engine 
characteristics, fuels and carbureters on engine acceler- 
ation. 

During the 5 years of its history, the Cooperative 
Fuel Research has been concerned with various problems 
and has at times undertaken a study of engine accelera- 
tion in connection with the general problems then at 
hand. The first work on acceleration was done in 1923 
in conjunction with the economic-motor-fuel survey. 
These acceleration tests were made with two makes of 


1S$.M.S.A.E.- 
Washington. 

2This Cooperative Fuel Research has been in progress at the 
Bureau of Standards since August, 1922, under the direction of a 
Steering Committee composed of representatives of the cooperating 
organizations, which are the American Petroleum Institute, the 
National Automobile Chamber of Commerce, the Bureau of Stand- 
ards and the Society. For reports of the previous work, see bibliog- 
raphy at the end of the paper. 

5See THE JOURNAL, July, 1923, p. 5. 

*See THE JouRN‘L, March, 1924, p. 270. 

5 See THE JOURNAL, March, 1924, p. 271. 


Research associate, Bureau of Standards, City of 


ature alone. A somewhat similar set of tests was 
made in an effort to determine the effect of intake- 
manifold temperature, and the results are presented. 
The effect on performance of injecting various amounts 
of accelerating charge was determined also for each of 
the carbureter adjustments. Engine tests made re- 
cently in an attempt to determine the cause of the 
leaning of the mixture when the throttle is opened sud- 
denly are analyzed, as well as the subject of flow of 
liquid fuel along the intake-manifold wall. Methods of 
determining the moment of inertia are presented in 
the Appendix. 

It is stated in the discussion following the paper 
that the velocity of the fuel mixture is a very impor- 
tant factor, and some experiments are cited that seem 
to corroborate the statement. Other subjects discussed 
include the apparent lag and subsequent recovery in- 
dicated by the charts, the variations in the duplicate 
runs, and the difficulty of obtaining consistent results 
when trying to measure engine acceleration. 


car and two grades of gasoline. In discussing the lim- 
ited amount of data obtained it was stated’ that “the 
results of these tests are erratic, probably due to the 
wide variation in engine temperature and due to wind.” 
However, the general conclusion reached, that no con- 
sistent and significant differences could be detected be- 
tween the test fuels in fuel economy or any other phase 
of performance, was substantiated later by laboratory 
tests. These supplementary laboratory tests, where 
engine conditions could be controlled more easily and 
accurately, showed‘ further that “the maximum accelera- 
tion occurs at the carbureter setting giving. maximum 
power at 600 r.p.m. and full throttle.” It was with this 
background that the present investigation was under- 
taken. 


TEST EQUIPMENT AND PROCEDURE 


The first tests were made on the four-cylinder motor- 
truck engine that was used in the engine-starting tests. 
As a result of these preliminary tests, a tentative 
method of procedure was developed. The Steering Com- 
mittee, however, recommended that the main series of 
tests be conducted on a passenger-car engine of modern 
design. Therefore, a 1926-model 314, x 41%-in. six-cylin- 
der engine having a piston displacement of 207 cu. in. 
was set up as shown in Fig. 1 and the necessary equip- 
ment was installed in accordance with previous experi- 
ence. 

To make it certain that the engine in the laboratory 
would have an acceleration similar to that which it 
would have if used to propel a car, the following condi- 
tions were imposed on the engine: First, the inertia due 
to the weight of the car was simulated by the usual 
laboratory method, which consists in coupling to the 
end of the dynamometer shaft a steel disc or flywheel’, 
the inertia of which, together with that of the dyna- 
mometer armature, is equivalent to that of the car. Be- 
fore the size of the inertia disc could be calculated, the 


184 


* 


5 MEE eee 6a Oe 


Vol. XXI 


August, 1927 





ENGINE-ACCELERATION 


moment of inertia of the dynamometer armature had to 
be determined. The methods used in making this deter- 
mination are described in the Appendix to this paper. 
Second, to impose on the engine a load similar to the 
wind and rolling resistance that a car encounters on the 
road, the engine was loaded by the dynamometer. The 
load normally used is shown in Fig. 2. 

The general test-procedure was as follows: With a 
given carbureter adjustment and operating tempera- 
tures, the engine usually was adjusted to idle at 250 
r.p.m. By a special arrangement of electromagnets 
which held the throttle in the idling position and an 
electrical contact driven at camshaft speed, the throttle 
was opened automatically at a definite point in the cycle 
of cylinder No. 1. This assures the beginning of each 
acceleration run under the same flow-conditions in the 
intake-manifold. The exact length of the idling time 
before each run, as brought out in preliminary tests on 
this engine, was not important for most of the conditions 
covered in this report, but the idling time was usually 
about 2 min. The spark was maintained in the fully 
advanced position, since this gave the best results when 
accelerating under normal load from closed-throttle po- 
sition. The throttle was instantly opened automatically 
and, at the end of each second, the average engine-speed 
during that second was indicated by the position of the 
hand of a special chronometric tachometer. The time of 
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Fic. 2—CHARACTERISTIC CURVES 
The Curves Show, Respectively, the Maximum Brake-Torque of the 
Engine, the Load Imposed Normally on the Engine and the Net 
Torque Available for Acceleration. The Jacket-Water Temperature 


Was 70 Deg. Cent. (158 Deg. Fahr.) and the Temperature of the 
Air Was 28 Deg. Cent. (82 Deg. Fahr.) 


opening the throttle and the readings of the tachometer 
were synchronized by head telephones. 

The position of the hand of the tachometer was re- 
corded manually every second on a paper scale attached 
to the face of the tachometer. At the conclusion of a 
run these indicated readings were entered on the data 
sheets before a second run was started. The tachometer 
used reads speed in multiples of 21% r.p.m.; so the possi- 
ble error in any reading was + 114 r.p.m. Two burettes, 





FIG. 1—ENGINE-ACCELERATION-TEST EQUIPMENT 


Engine Shown Is a 1926-Model, 3% x 4%-In., Six-Cylinder Type Having a Piston 
207 Cu. In. 
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220 ——.-—_—_——_ . — . 428 attention is called to the accuracy necessary to determine 
a change in engine-torque of the order of 1 lb-ft., if a 
200}_+_++_+_+_++—_- 92 tachometer or a chronograph is used to determine ac- 
American Society for P celeration. With the inertia of 8.61 lb. sec.’ ft., explained 
180} L \—— Testing Materials - 4356 in the Appendix to this paper, which the engine under 
| Distillation -| | test has to overcome, a torque of 1 lb-ft. when acting 
160 =| + t 320 for 1 sec. will produce a change in speed of: 
| ea T/T (1) 
140 —;—_——_ 4 « where 
. - a = angular acceleration of the engine in radians per 
E 120 a | 248 &> second per second 
= | bo" I = rotational moment of inertia 
S 100 - 1212 z T = torque in pound-feet 
o S Substituting values in equation (1), we have 
- a 4 a = 1/8.61 (2) 
: 80 a | | | Ty T eg E — 0.116 radians per sec. per sec. 
E 60 | air-Distillation 1140 But 2x radians is the equivalent of 1 revolution, and 
e l 0.116 radians per sec. per sec. equals 0.0185 revolutions 
40 Peru | | | 8 a “" per sec. per sec. Therefore, the angular velocity at the 
end of 1 sec. will be 0.0185 revolutions per sec., or 1.11 
sal | | a > ee , ee 463 r.p.m.; consequently, at any engine-speed, it will be 
Xe ae 
an a6 ee Se a ee 
0 > 10-2030 400TH 90100 


Amount Evaporated, per cent 


Fic. 3—DISTILLATION CURVES 
The Gasoline Used in Most of the Investigation Was Purchased on 
Government Specifications and Is Designated as Commercial Gaso- 
line No. 11. Its Distillation According to the Requirements of the 
American Society for Testing Materials, As Well As Its Air Dis- 
tillation, Is Shown 


each of 50-cc. capacity, were connected to the carbureter 
and supplied the gasoline used. The fuel consumed 
during an acceleration run could be determined by mark- 
ing on a paper scale the position of the meniscus of the 
gasoline in the burette at the start and at the end of 
the run. The carbureter adjustment was identified by 
a full-throttle run at 1000 r.p.m. The gasoline used in 
most of this investigation was purchased on Government 
specifications, and its distillation according to the re- 
quirements of the American Society for Testing Ma- 
terials, as well as its air distillation, is shown in Fig. 3. 

Before presenting the results obtained on the engine, 
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Fic. 4—THEORETICAL AND ACTUAL SPEED-TIME CURVES 
It Is Evident That the Agreement between the Actual Engine-Test 
Curve and the Theoretical Maximum Curve as Calculated Is Good. 
The Respective Temperatures Were Air, 24 Deg. Cent. (75 Deg. 
Fahr.) ; Jacket-Water, 79 Deg. Cent. (174 Deg. Fahr.) ; and Intake- 
Manifold, 85 Deg. Cent. (185 Deg. Fahr.) 





Fic. 5—MAXIMUM ACCELERATION OBTAINED WITH DIFFERENT 
CARBURETERS 
Carbureter A Is a Plain-Tube Type. Carbureters B and C Are of 
the Air-Valve Type. The Respective Temperatures Were Air, 26 
Deg. Cent. (79 Deg. Fahr.) : Jacket-Water, 85 Deg. Cent. (185 Deg. 


Fahr.) ; and Intake-Manifold, 97 Deg. Cent. (207 Deg. Fahr.) Data 
Relating to the Tests, Which Were Made at an Engine-Speed of 
1000 R.P.M., Are Given in the Following Tabulation 

Total Fuel 


Used per 
Acceleration Torque, Air-Fuel 
Carbureter Run, Ce. Lb-Ft. Ratio 
A 18.4 118 13.7 
B 34.6 113 11.1 
Cc 16.0 115 13.2 


necessary to determine a change in speed of about 1 
r.p.m. per sec. The smallest change in engine-speed that 
could be detected by the equipment used in this investi- 
gation was 2% r.p.m. per sec., which is equivalent to a 
torque of about 2 lb-ft. 

Increased accuracy could be obtained by using a 
chronograph, but this would involve experimental diffi- 
culties at the higher engine-speeds. The use of experi- 
mental speed-time curves to obtain acceleration is not 
ideal, since the quantity sought is the time derivative of 
such curves. Efforts are therefore being directed to the 
development of an instrument capable of indicating di- 
rectly the engine-torque under accelerating conditions. 


CALCULATION OF THEORETICAL ACCELERATION 


Since torque and acceleration are directly proportional, 
the theoretical acceleration can be calculated for this 
engine if the torque at the various speeds is known. 
With the aid of acceleration values computed from the 
net torque shown in Fig. 2, a maximum speed-time curve 
was constructed for comparison with the test results as 
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shown in Fig. 4. The extent to which test curves de- 100 ) $$ ————_—_——— 

viate from this maximum curve will indicate in a gen- 1000} |__| 

eral way the deficiency of engine-torque when acceler- ae 

ating which is chargeable to fuel, carbureter or intake 900}-—-— - 


system. As a check on this theoretical curve, an engine 
test was made in which the acceleration was started 
while the engine was turning over at 250 r.p.m. with the 
throttle fully opened; that is, the engine was loaded down 
to 250 r.p.m. with the throttle wide-open and, at the be- 
ginning of the run, the load was decreased quickly to 
that corresponding to the load normally employed. This 
procedure eliminates only the lag in acceleration result- 
ing from a sudden drop in manifold depression, and 
there may still be some lag in providing the greater 
volume of charge required for increased engine-speed. 
However, the agreement between the actual engine-test 
and the calculated curve is surprisingly good, as is shown 
in Fig. 4. For purposes of comparison, the theoretical 
curve is represented by a dotted line in Figs. 5 to 11 
inclusive. 
FIRST SERIES OF TESTS 


The first series of engine tests consisted of a com- 
parison of the maximum acceleration obtained with three 
different carbureters, used without accelerating wells, 
the results being shown in Fig. 5. Carbureter A is a 
plain-tube type; carbureters B and C are of the air-valve 
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Fic. 6—EFFECT OF JACKET-WATER TEMPERATURE UPON ACCELERATION 
Data for the Various Runs, Taken at an Air Temperature of 26 
Deg. Cent. (79 Deg. Fahr.), and an Engine-Speed of 1000 R.P.M., 
Are Given in the Following Tabulation 
r-———-Temperatures———_, Total 
Intake- Fuel Used 
Manifold Jacket-Water per Accel- Air- 
Run Deg. Deg. Deg. Deg. eration Torque, Fuel 
No. Cent. Fahr. Cent. Fahr. tun, Ce. Lb-Ft. Ratio 
1 81 178 66 151 19.0 119 13.3 
2 858 190 82 180 18.8 +24 coe 
3 95 203 100 212 17.6 109 17.2 
4 77 171 52 126 21.2 120 12.9 
5 73 163 36 97 25.8 121 12.3 
6 69 156 12 54 23.8 118 12.1 
type. These acceleration tests, and most of those which 


follow, cover a speed range from 250 to 1000 r.p.m. and 
it will be noted that the most important and pronounced 
lag in acceleration always occurs during the time the 
engine-speed is increasing from 250 to 350 or 450 r.p.m. 
Fig. 5 shows that different carbureters may give marked 
differences in performance under normal temperature- 
conditions. Because of its better performance shown 
here and the more consistent results obtained with it in 
other tests, carbureter A was used in all subsequent 
tests. The accelerating well was permanently discon- 
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Fic. 7—EFFECT OF INTAKE-MANIFOLD TEMPERATURE UPON 
ACCELERATION 
Data for the Various Runs, Taken at an Air Temperature of 25 
Deg. Cent. (77 Deg. Fahr.), and an Engine-Speed of 1000 R.P.M., 
Are Given in the Following Tabulation 


r-———Temperatures———_,, Total 
Intake- Fuel Used 
Manifold Jacket-Water per Accel- Air- 
Run Deg. Deg. Deg. Deg. eration Torque, Fuel 
No. Cent. Fahr. Cent. Fahr. Run, Ce. Lb-Ft. Ratio 


8 32 90 36 97 Engine would not accelerate 

9 42 108 66 151 30.6 123 11.6 
12 71 160 92 198 29.6 119 13.3 
15 78 172 96 205 23.6 118 13.7 
16 95 203 95 203 21.2 114 14.2 
17 87 189 94 201 22.0 116 13.7 


nected and was replaced by a special device for injecting 
an accelerating charge whenever desired. Preliminary 
tests showed that any setting of carbureter A supplied 
practically the same mixture-ratio throughout the speed 
range covered in these tests. 

The influence of jacket-water temperature on acceler- 
ation is shown in Fig. 6. In these tests jacket-water 
temperature alone was changed, all other temperatures, 
such as oil temperature and intake-air temperature, be- 
ing kept as nearly constant as possible. While a slight 
enrichment of the mixture was necessary to produce the 
same performance at cold jacket-water temperature as 
was obtained at higher temperatures, the enrichment 
required is fairly small considering the marked change 
in engine-cylinder temperature. It seems that the tem- 
perature of the cylinder-walls has very little effect on 
the acceleration obtained. 
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Fic. 8—ACCELERATION OBTAINED WITH DIFFERENT QUANTITIES OF 
ACCELERATING CHARGE 


The Engine-Speed Was 1000 R.P.M.;: the Air-Fuel Ratio, 9.2; and 


the Torque, 111 Lb-Ft. The Respective Temperatures Were Air, 
26 Deg. Cent. (79 Deg. Fahr.) ; Jacket-Water, 86 Deg. Cent. (187 
Deg. Fahr.) ; and Intake-Manifold, 84 Deg. Cent. (183 Deg. Fahr.) 
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1000 oo oo J oo —2 but such an adjustment gives very high average fuel- 
7 | 4 "| consumption. 
TT ‘ee Ge. Ge © — A few tests were made to determine the effect of a 
4 change in the location of the accelerating jet. The ac- 
o—_—_—_— ee ee Apt t—+——_ celerating jet was placed at three different points in the 
4 intake system: (a) at the carbureter-air entrance, (b) 
E Wo ak) | (ciate Sm ie < oo, | just above the throttle and (c) at the top of the vertical 
u portion of the intake-manifold. The accelerating charge 
3 . Rie Te mame "5° ~ || | was always discharged in the direction of the airstream. 
F cool — WS th ER Se ee __| | No consistent or significant difference attributable to 
: Accelerating the location of the jet could be detected when using the 
> os — © ha sce | same quantity of accelerating charge. 
us o 0.00 
see | \ 0.70 EFFECT OF SUDDEN THROTTLE-OPENING 
oe Precisely what happens when the throttle is opened 
200+— — + suddenly and what the cause is of the leaning of the 
mixture have been discussed frequently. Various 
ie Sc eas Saee, RR Sa s--@ 7B OSC d2:—«étteoies have been suggested. Some engine tests have 
‘i ick uae been made recently in an attempt to determine the cause 
Fig. 9—ACCELERATION OBTAINED oren DIFFERENT QUANTITIES OF of this phenomenon. 5 . 
ACCELERATING CHARGE One of the possible causes may be the inertia of the 
the Tongue. fe LE Et. The Respective Tomperatte Were air, gasoline in the carbureter jets and differences in the 
26 Deg. Cent. (79 Deg. Fahr.): Jacket-Water, 86 Deg. Cent. (187 


Deg. Fahr.) ; and Intake-Manifold, 84 Deg. Cent. (183 Deg. Fahr.) 


A somewhat similar set of tests was made in an effort 
to determine the effect of intake-manifold temperature 
on acceleration. The intake-manifold is jacketed com- 
pletely and its temperature is controlled by varying the 
amount of steam entering this jacket. The results are 
shown in Fig. 7. The acceleration obtained under a given 
set of conditions is largely dependent upon the tempera- 
ture of the intake-manifold’. With the particular gaso- 
line used, an intake-manifold temperature below about 
78 deg. cent. (172 deg. fahr.) causes a decided lag in 
the acceleration of the engine. Although the intake- 
manifold temperature of 71 deg. cent. (160 deg. fahr.) 
in run No. 12 is well above the equilibrium-air-distilla- 
tion temperatures for complete evaporation at a mixture- 
ratio of 13.3 to 1.0, as shown in Fig. 3, the unsatisfac- 
tory performance of the engine in this run seems to 
indicate lack of complete vaporization under these oper- 
ating conditions. 

The effect of mixture-ratio on acceleration is shown 
in Figs. 8 to 11 inclusive. The least lag in acceleration 
naturally occurs when operating with rich mixtures and, 
as has been pointed out by other investigators, such 
mixtures are likely to be used in service with corre- 
sponding waste of gasoline. The acceleration obtained 
with a given mixture-ratio, beyond the initial portion of 
the curve, is dependent upon the power output of the 
engine at that mixture-ratio. 


INJECTION OF ACCELERATING CHARGE 


In connection with the foregoing tests, the effect on 
performance of injecting various amounts of accelera- 
ting charge was determined for each of the carbureter 
adjustments already mentioned. A small-dash gasoline- 
primer served in lieu of an accelerating well. The 
quantity of accelerating charge could be varied at will 
and always was introduced immediately after the throt- 
tle was opened. It will be noted that the accelerating 
charge ceases to improve acceleration only in case the 
idling mixture is excessively rich. With a very rich 
carbureter-setting, the mixture delivered to the engine- 
cylinders immediately after the throttle is opened may 
not become lean enough to affect acceleration materially, 


®See THE JOURNAL, August, 1920, p. 131. 
* See Automotive Industries, July 9, 1925, p. 53 


av. 


coefficient of discharge of the jets under accelerating 
conditions. That the lag in the flow of liquid from the 
carbureter jets is small, at least in carbureter A, was 
demonstrated by a variable-orifice flow-meter sensitive 
to a change in fuel-flow of 0.025 cc. per sec. This in- 
strument showed immediate response to the full-throttle 
flow-rate, about 0.8 cc. per sec., when the throttle was 
opened suddenly. Therefore, the lag in discharge of fuel 
from the carbureter jets is extremely small when com- 
pared to the lag of 2 and 3 sec. that frequently occurs in 
the acceleration of the engine. 

Another possible reason for the leaning of the mixture 
is that, whereas the fuel is discharged from the car- 
bureter jets into the airstream, a very considerable flow 
of liquid fuel takes place along the intake-manifold walls. 
This flow is said to be extremely slow, and the quantity 
entering the liquid film is dependent upon the intake 
velocity. That this is a contributing cause is brought 
out in the acceleration runs made with lean mixtures, as 
shown in Fig. 11. Reference is made also to a paper on 
Fuel-Supply Requirements for Acceleration’, by P. S. 
Tice. 

The runs made when using the smaller quantities of 
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Fig. 10—ACCELERATION OBTAINED WITH DIFFERENT QUANTITIES OF 
ACCELERATING CHARGE 

The Engine-Speed Was 1000 R.P.M.; the Air-Fuel Ratio, 15.3; and 

the Torque, 116 Lb-Ft. The Respective Temperatures Were Air, 

23 Deg. Cent. (73 Deg. Fahr.); Jacket-Water, 86 Deg. Cent. (187 

Deg. Fahr.).: and Intake-Manifold, 85 Deg. Cent. (185 Deg. Fahr.) 
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9 3 ee a ae te hence, the greater and more prolonged will be the im- 
wea lL a provement in acceleration thereafter. 
7 | | In conclusion, the work done thus far gives some in- 
900 formation as to the relative influence of speed-range, car- 
a bureter characteristics, jacket-water temperature, in- 
E take-manifold temperature, carbureter adjustment, and 
& 7100} the injection of an accelerating charge upon the acceler- 
i ea ‘ ation performance of a given engine using the same fuel. 
. if 4 The next step seems to be a study of the acceleration 
% 500} +71 }—_ + F Accelerating performance obtainable with different fuels under a va- 
- aoe hs A | Charge, cc. riety of temperature conditions. 
uw T rT rte 0.00(Engine Would 
we ae peat | | A | | ono Meeacatrate APPENDIX 
v= —n een ee A i a MOMENT-OF-INERTIA DETERMINATIONS 
200 fa hh tt yo UI , : 
| ‘oe Se oe ge | | 0 2.00 The rotating mass to be coupled to the engine so as 
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Fic. 11 ACCELERATION OBTAINED WITH DIFFERENT QUANTITIES OF 
ACCELERATING CHARGE 

The Engine-Speed Was 1000 R.P.M.; the Air-Fuel Ratio, 16.5; and 
the Torque, 102 Lb-Ft The Respective Temperatures Were Air, 
23 Deg. Cent. (73 Deg. Fahr.): Jacket-Water, 86 Deg. Cent. (187 
Deg. Fahr.) ; and Intake-Manifold, 86 Deg. Cent. (187 Deg. Fahr.) 


accelerating charge show a decided lag in acceleration 
which extends over a period of 3 to 5 sec. During this 
interval, gasoline is being delivered by the carbureter in 
quantities proportional to the increase in airflow; but, 
apparently, the increase in fuel does not reach the en- 
gine-cylinder until several seconds have passed. For a 
few seconds following this period of lag, the mixture 
delivered to the engine-cylinder is much richer than the 
mixture for which the carbureter is adjusted. There- 
fore, when operating with a lean mixture, the best ac- 
celeration is obtained shortly after the period of lag. 


FLOW OF LIQUID IN THE INTAKE-MANIFOLD 


In connection with the flow of liquid fuel along the 
intake-manifold wall, the results shown in Fig. 12 are 
of particular interest because they indicate the perform- 
ance obtained when accelerating from various engine- 
speeds without injecting any accelerating charge. Ac- 
celerating from 250 r.p.m. produces a decided lag in the 
acceleration. Starting from a speed 12 r.p.m. higher, or 
at 262 r.p.m., a great improvement in acceleration is 
obtained. With further increases in the starting-speed 
ef 10 and 16 r.p.m., similar improvement results. How- 
ever, increasing the initial speed from 288 to 325 r.p.m. 
gives less improvement in performance than was caused 
by a change of 10 to 16 r.p.m. at speeds below 288 r.p.m. 
These comparisons were made with a lean carbureter- 
adjustment so that any differences which existed would 
be intensified. If the lag in acceleration were due en- 
tirely to the lag in the flow of liquid fuel along the in- 
take-manifold wall, it seems that a gradual and uniform 
improvement in acceleration should be obtained with 
equal increase in the starting-speed. 

The fact that the improvement is not uniform may 
be due to various causes. There may be (a) marked 
changes in the character of the pulsations in the intake- 
manifold at certain speeds and (b) a critical speed be- 
low which the manifold velocity is insufficient to carry 
all the liquid fuel, especially to raise it through the 
vertical portion of the manifold. That fuel falls out of 
the incoming charge at the low engine-speeds is con- 
firmed on comparing the slopes of the various curves at 
speeds above 500 r.p.m. Within certain limits, the longer 
the period of no acceleration is, the greater is the quan- 
tity of liquid accumulating in the intake-manifold and, 


’See THE JOURNAL, March, 1924, p. 272. 


to produce the same effect as that due to the weight of 
the car was determined by the following procedure. 

The engine under test is used normally in a car which, 
when loaded with two passengers, would have a weight 
of about 3400 Ib. The rear-axle ratio is 4.9 and the tires 
used are about 31 in. in diameter. The rotational in- 
ertia-equivalent to the weight of the car is given by 
equation (7) of the paper by Roger Birdsell on Economic 
Motor-Fuel Volatility’, as follows: 

I = (1/4) (W/g) (D*/R’) (3) 
where 
D = diameter of rear wheel in feet 
g = acceleration of gravity in feet per second per 
second 
I = moment of inertia 
R = rear-axle ratio 
W = weight of car in pounds 
Substituting values in equation (3) we have 
I = (1/4) (3400/32.2) [(81)?/ (12)? (4.9)?] 
= 7.34 lb. sec.” ft. (4) 

Hence, the rotating mass to be coupled to the engine 
should have a moment of inertia of 7.34 lb. sec.’ ft. The 
next step consists in the determination of the moment of 
inertia of the dynamometer armature so that, if its 
magnitude is less than that required, the additional in- 
ertia necessary can be determined. 

One of the methods used to determine the moment of 
inertia of the dynamometer armature may be referred 
to as a constant-torque method. With the dynamometer 
uncoupled from the engine, a constant electrical torque, 
the value of which is observed on the dynamometer 
scale, is applied and the armature accelerates. From the 
speed-time curve obtained from the observations made 
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Fic. 12—-RESULTS OBTAINED WHEN ACCELERATING FROM DIFFERENT 
ENGINE-SPEEDS 
The Respective Temperatures Were Air, 31 Deg. Cent. (88 Deg. 
Fahr.) ; Jacket-Water, 84 Deg. Cent. (183 Deg. Fahr.) ; and Intake- 
Manifold, 88 Deg. Cent. (190 Deg. Fahr.) 
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on a chronometric tachometer, which is attached to the 
dynamometer, the angular acceleration of the armature 
can be determined. The moment of inertia about the 
axis of rotation can be computed from the equation: 
I= T/a (5) 
where 
a = angular acceleration in radians per second per 
second 
Av = change in engine-speed in revolutions per min- 
ute per second 
T = torque in pound-feet 


But 
a = (27/60) Av (6) 
= tAv/30 (7) 
Therefore 
I= 30T/rAv (8) 


Applying a torque of 3.28 lb-ft., the change in engine- 
speed of Av = 27 r.p.m. per sec. was observed. There- 
fore, from equation (8), 

I = (30 x 3.28) /(* x 27) (9) 
= 1.16 lb. sec.’ ft. (10) 

The moment of inertia of the dynamometer armature 
being equal to 1.16 lb. sec.’ ft. requires that an addi- 
tional mass having an inertia of 7.34— 1.16 = 6.18 lb. 
sec.” ft. be coupled to the dynamometer armature so as 
to approximate the inertia of the car. A steel disc was 
designed and its moment of inertia was determined later 
by two different methods; (a) from the direct measure- 
ments of its size and weight and (b) by a torsion- 
pendulum experiment. The value obtained by method 
(a) was 6.18 lb. sec.” ft. and by method (b) 6.17 lb. 
sec.” ft. 

Since the inertia of the moving parts of the engine is 
also a factor in any acceleration tests, an experiment 
was made to determine the magnitude of this inertia. 
By a constant-torque experiment the moment of inertia 
of the moving parts of the engine was found to be 1.28 
Ib. sec.’ ft. When traveling in high gear this is approxi- 
mately 17 per cent of the total inertia due to the weight 
of the car. 

The engine, during acceleration, must overcome the 
inertia of the moving parts of the engine and also the 
inertia of the dynamometer armature and the accelera- 
tion disc. The total of these three items is equal to 8.61 
Ib. sec.* ft. and is the moment of inertia used in calcu- 
lating the maximum theoretical acceleration referred to 
at the beginning of this paper. 


BIBLIOGRAPHY 
Papers and articles on the Cooperative-Fuel-Research 
work that have been published in THE JOURNAL are 
listed herewith. 
Carlson, R. E.—Economic Motor-Fuel Volatility—Feb- 
ruary, 1923, p. 139 
Lee, Stephen M.—Economic Motor-Fuel Volatility— 
July, 1923, p. 3 
Birdsell, Roger—Economic Motor-Fuel Volatility— 
March, 1924, p. 267 
Eisinger, J. O.—Factors Affecting the Rate of Crank- 
case-Oil Dilution—July, 1924, p. 69 
Sligh, T. S., Jr.—Transition Method for Measuring 
Crankcase-Oil Dilution—October, 1924, p. 334 
Sparrow, S. W. and Eisinger, J. O.—Recent Coopera- 
tive-Fuel-Research Progress—February, 1925, p. 
237 
Sligh, T. S., Jr—Measuring the Percentage of Crank- 
case-Oil Dilution—March, 1925, p. 355 











®°M S.A.E.—Chief automotive and lubricating engineer, Pure Oil 
Co., Chicago. 


ee engineer, Olds Motor Works, Lansing, 
ich. 


190 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


Eisinger, J. O.—Engine-Starting Tests—July, 1925, 
p. 52 

Eisinger, J. O.—Progress Report on Engine-Starting 
Tests—February, 1926, p. 147 

Bureau of Standards—General Summary of the Co- 
operative Fuel-Research—April, 1926, p. 349 

Sligh, T. S., Jr.—Progress in the Measurement of 
Motor-Fuel Volatility—April, 1926, p. 393 

Kisinger, J. O.—Additional Engine-Starting Tests— 
July, 1926, p. 3 

Sligh, T. S., Jr.—vVolatility Tests for Automotive Fuels 
—August, 1926, p. 151 

Dickinson, H. C.—Cooperative Fuel-Research Summar- 
ized—February, 1927, p. 193 

Cragoe, C. S. and Eisinger, J. O.—Fuel Requirements 
for Engine Starting—March, 1927, p. 353 


THE DISCUSSION 


W. G. CLARK’:—Is my understanding correct that Mr. 
Eisinger’s experiments showed the velocity of the fuel 
mixture to be a very important factor? 

J. O. EISINGER :—Yes. 

Mr. CLARK :—Some experiments we made several years 
ago seem to corroborate that statement. In working on 
kerosene carburetion, we found that velocity is a, very 
important factor in maintaining the mixture from the 
carbureter to the cylinder. In line with that investiga- 
tion, we made some experimental manifolds with the 
cross-section reduced to increase the velocity of flow. 
The acceleration and the running of the engine were 
improved materially. But we encountered volumetric 
limits that reduced the maximum power obtainable, and 
we could increase the velocity to a limited extent only. 

We attempted first to use a cast manifold; that is, a 
multiple manifold similar to a group of pipes. Since 
the friction losses due to the roughness of the castings 
were high enough to prevent getting satisfactory results, 
we made a manifold by hand. We used copper tubes, of 
14-in. outside diameter and 3/16-in. inside diameter, 
soldering them together. A throttle was inserted where 
the two sections of the manifold joined. It had the form 
of a piston which uncovered layers of tubes as it was 
moved. In this manner, the effect of a constant velocity 
at all throttle openings was obtained by uncovering a 
certain number of tubes for each given engine-speed. 
In other words, the mixture was allowed to flow through 
just enough of the tubes to supply the engine with suffi- 
cient fuel for any given engine-speed. Thus, we ob- 
tained remarkably good acceleration and there was no 
liquid in the tubes so far as we could determine. We 
could observe no indication of liquid clinging to the 
walls, due to the high initial velocity and to the smooth- 
ness of the tubes. We obtained high volumetric-effi- 
ciency by making the total area of the tubes equal to 
the required amount to give maximum power when all 
the tubes were uncovered by the throttle. By causing 
the mixture to flow through only a small number of 
tubes at low speeds of the engine, the same velocity was 
attained as would have occurred at high engine-speeds 
with the mixture flowing through all the tubes as if they 
constituted a single-pipe manifold. This seems to indi- 
cate that velocity is one of the most important consider- 
ations in maintaining a dry mixture and maximum 
accelerating qualities with any given fuel, which cor- 
roborates Mr. Eisinger’s findings to some extent. 

R. V. HUTCHINSON” :—Regarding the apparent lag 
and subsequent recovery indicated by the charts in Mr. 
Eisinger’s paper, this is intimately connected with the 
ability of an airstream to carry in suspension a series 
of droplets of liquid fuel. The ability will vary with the 
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density of the airstream and as the square of the ve- 
locity. Prof. George B. Upton treats the subject thor- 
oughly in an article entitled Raindrops and Engineer- 
ing". As to the variation in the action of the mixture 
with jacket-water temperature, W. A. Geise and I ex- 
perimented with a Scripps marine engine and found 
that the operation of an engine of this type is almost 
independent of jacket-water temperature. 

It is possible to obtain a mixture that is dry near the 
manifold-walls and wet in the center, or vice versa. We 
have made engine tests, using volatile gasoline, in which 
the temperature indicated by a thermocouple inserted in 
the mixture-stream was 100 deg. fahr. higher than that 
of the Engler end-point of the fuel, and still we found 
liquid on the walls. However, if the liquid is impinged 
at very high velocity on a sufficiently hot wall, it will 
splash off in small wet globules of fairly low tempera- 
ture, and these globules are perfectly capable of being 
carried in the mixture-stream. This type of preparation 
results in dry edges and a wet center of the mixture- 
stream. 

So-called condensation does not occur; because, in 
many instances, evaporation is never complete due to 
lack of time. But the collecting of a number of small 
drops to form a large drop does occur often and, under 
certain conditions, this drop will fall out, wet the wall 
and be available for use later during the acceleration 
period. 

Mr. CLARK:—The point made by Mr. Hutchinson re- 
garding the condition in which the mixture is wet in 
the center and dry along the walls was exemplified in 
the copper-tube manifold I have described. Each tube 
was a miniature manifold of such small diameter that 
its center was very close to the wall; so the maximum 
velocity of the mixture stream was almost next to the wall 
and this fact prevented the liquid from remaining on the 
wall. The condition is really that of stratified layers of 
mixture traveling at different velocities which vary from 
the maximum, perhaps in the center of the manifold or 
along the line of least friction, to the minimum, along 
the wall where the frictional resistance of the wall re- 
tards the velocity. If we could make a manifold of very 
small cross-section and still not have a volumetric loss, 
the difficulty mentioned by Mr. Hutchinson would be 
obviated. 

Mr. HUTCHINSON :—I disagree with Mr. Clark as to the 
advantages of the multitubular manifold he describes 
because, in making a multitubular manifold, the ratio 
of wall surface to cross-sectional area is increased great- 
ly. Further, liquid fuel actually wets metals and tends 
to adhere to them by virtue of the surface tension exist- 
ing between them. The consequence is that, once the 
liquid gets onto the wall and wets it, it is impossible 
for the liquid to move along that wall with the same 
velocity as that of the air that is passing. The multi- 
tubular manifold mentioned by Mr. Clark only accentuates 
the wetness; whereas, if the liquid fuel is impinged at 
very high velocity on a sufficiently hot surface, as I have 
already described, the liquid fuel is thereby put into such 
a condition that it can be carried in suspension and not 
readily thrown out under the influence of its own inertia. 

Mr. CLARK:—Undoubtedly Mr. Hutchinson is right 
about the increased friction of the wall surface in a 
multitubular manifold. We found the same difficulty 
that he refers to when we tried to cast a multitubular 





“See Sibley Journal of Engineering, January, 1923, p. 2; Feb- 
ruary, 1923, p. 32; and March, 1923, p. 60. 


22 Atlantic Refining Co., Philadelphia. 


1%3M.S.A.E.—Research engineer, Stromberg Motor Devices Co., 
Chicago. 
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manifold. But by using smooth-drawn copper-tubes, the 
interior wall surface of which was very smooth, we found 
no difficulty due to having liquid remain on the,inner 
wall. Because the maximum velocity of the airstream 
in the small tube was so near the wall, it apparently was 
sufficient to carry with it any liquid which tended to 
cling to the wall. 

In spite of the apparent scientific discrepancies in 
the multitubular manifold I described, the fact that it 
worked is the main consideration; and we were able in 
this manner to carburet a good grade of kerosene suc- 
cessfully without the addition of any external heat. 

Dr. J. C. GENIESSE”:—The charts in Mr. Eisinger’s 
paper lead one to believe that each curve was drawn 
through one series of values. If that is true, or if the 
points through which the curves are drawn are averages, 
the paper should specify which is the case. Also the 
paper should give the variations obtained with duplicate 
runs, to give the reader an opportunity to evaluate 
the data correctly. - 

Mr. EISINGER:—I am glad that Dr. Geniesse has 
brought up these points. Apparently, he realizes the 
difficulty that is encountered in obtaining consistent re- 
sults when trying to measure engine acceleration. We 
devoted considerable time to developing a satisfactory 
method of measuring engine acceleration and to the 
modification of the engine so as to obtain consistent re- 
sults. 

Regarding the points for the curves, the points as 
shown in the charts are observed values taken from a 
representative run. 

As to the variations in duplicate runs, a check run 
was always made under a given set of conditions and the 
differences in the final engine-speed for any two runs, 
when accelerating for the same length of time and when 
operating with normal mixtures, was seldom greater 
than 30 r.p.m. and in most cases considerably less. How- 
ever, for the lean-mixture runs, larger differences would 
be expected and, under such conditions, it was necessary 
to make a larger number of check runs. 

F. C. Mock”:—Mr. Eisinger’s report is of extreme 
value, it seems to me, in that it bears upon what is 
economically the most important phase of carburetion 
as regards passenger-cars. We make careful dynamom- 
eter measurements of the fuel required for maximum 
power, for steady running at different speeds and loads, 
and take long continuous drives to determine tank-mile- 
age. But if we watch the procedure at the different 
garages and service stations we find that carbureters are 
seldom adjusted with a particular view to speed, hill 
climbing or economical steady running. It seems to be 
a universal custom to adjust the carbureter according 
to the acceleration, by “flashing” the throttle open 
quickly and opening-up the fuel feed as may be neces- 
sary to give the best response; that is, carbureters in 
daily service are adjusted solely on the basis of acceler- 
ation. 

The tests made by Mr. Eisinger show conclusively 
that, through a large range of temperatures, prompt ac- 
celeration can be obtained with considerably less fuel- 
consumption by using an “accelerating charge” and a 
lean mixture for steady running than by using the 
richer steady-running mixture necessary when no ac- 
celerating charge is used. It is significant that the 
American cars which do not use a supplementary acceler- 
ating-charge fall into two classes; (a) those having a 
low selling-price which renders first cost paramount over 
efficient operation and (b) those having an intake-mani- 
fold-heating system that was designed by the designer 
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of the carbureter and in which the heat application to 
the intake charge is unusually great. 

As reported, Mr. Eisinger’s experiments apparently 
did not reach a point at which 1 cc. of fuel accelerating- 
charge was too great. On a fairly large number of cars 
we have found that, after cross-country driving in warm 
weather, even a 0.5-cc. charge may be too great, and this 
seems to be true whether this amount of fuel is in- 
spirated through a jet or injected with a syringe. On 
the other hand, in spring and in fall weather, a 1-cc. 
charge may often be inadequate. 

We seem to find that the amount of accelerating 
charge needed depends considerably upon the tempera- 
ture of the air and the fuel as they enter the mixing- 
chamber of the carbureter; in other words, upon the in- 
stantaneous evaporation. More accelerating charge is 
of course needed when the hot-spot is a considerable 
distance from the carbureter than when it is fairly close 
to the jet. 

The tests by Mr. Eisinger seem to show that the need 
of an accelerating charge is chiefly present at low en- 
gine-speeds. This is certainly true as regards eliminat- 
ing the tendency of the engine actually to miss when 
the throttle is opened quickly. Numerous times, how- 
ever, I have seemed to find that it takes just as great 
an accelerating charge to make the engine “bite in” and 
develop full torque instantaneously when the throttle 
is opened at a speed of 20 m.p.h. from a lean mixture as 
it does to give equally positive response at a speed of 
5 m.p.h. 

For about 2 years I have been driving different cars 
that were equipped with a manual control of the acceler- 
ating charge along with distant thermometers that indi- 
cate the temperatures of the hood and of the carbureter, 
and I have been impressed by the extent to which the 
“pep” and the response of the engine depend upon a 
proper accelerating-charge for the existing temperature. 


14M.S.A.E.—Supervisor of engine laboratory, Tide Water Oil Co., 
3ayonne, N. J. 
% See THE JOURNAL, March, 1927, p. 353. 





Nearly every driver has had the experience that, with 
any given carbureter-setting, the engine will first, after 
starting, be weak, as from too lean a mixture. Then, 
as the temperature under the hood rises, it will reach 
a condition of maximum response and flexibility. With 
still further driving, this maximum will be passed and 
the response to the throttle will become slower and less 
lively. 

By proper coordination of the accelerating charge with 
the temperature, feeding more fuel at low temperatures 
and less fuel at high temperatures, the maximum re- 
sponsiveness can be maintained. This is in marked con- 
trast with the mixture requirements for steady running, 
which do not seem to change appreciably throughout the 
range of operating temperature to which I have just 
referred. 

G. A. BURN“:—Heretofore the results obtained in ac- 
celeration runs have been very unsatisfactory. In com- 
paring some of the results obtained in our laboratory 
with those of Mr. Ejisinger’s work, we find that, when 
using the engine of a popular light car and accelerating 
speeds from 400 to 1000 r.p.m., fuels of widely different 
volatility give approximately the same results. How- 
ever, it seems that, had we taken a much lower speed 
from which to accelerate, differences could have been 
noticed. 

Mr. Eisinger’s work seems to indicate that, for maxi- 
mum acceleration, the fuel volatility and the temperature 
of the manifold depend on one another. Theoretically, 
a relatively cool manifold and a volatile fuel seem to be 
the best combination, as these conditions would give a 
high volumetric-efficiency as well as good acceleration 
during the warming-up period of the engine. The de- 
sign of the intake-manifold seems to be the main thing 
in acceleration which depends upon the distribution of 
the fuel-mixture. Probably some relation can be worked 
out between volatility, manifold temperature and ve- 
locity, somewhat similar perhaps to the relations dis- 
cussed in the paper on Fuel Requirements for Engine 
Starting’, by C. S. Cragoe and J. O. Eisinger. 


OPERATION AND MAINTENANCE 


(Concluded from p. 116) 


Varying requirements as to safety-doors for motor- 
coaches. 

The fact that present State regulation in some cases 
discourages the use of six-wheel vehicles. 


To ACT IN AN ADVISORY CAPACITY 

Reference was made to the Uniform Vehicle Code of the 
National Conference on Street and Highway Safety, of which 
Secretary of Commerce Herbert Hoover is chairman, and it 
was felt that the Subcommittee might be guided by this code 
to avoid doing considerable research work. T. D. Pratt and 
R. E. Plimpton were designated as a subgroup to study the 
code from the point of view of the motor-truck and motor- 
coach operators respectively and to submit a report on the 
desirability of the individual statutes. Mr. Pratt further 
agreed to develop the regulations regarding the registration 
of engine numbers; and G. W. Reimann was asked to ascer- 
tain the extent to which the varying requirements are being 
enforced by State regulatory bodies. 


The Subcommittee agreed that the Society as represented 
by the Operation and Maintenance Committee should act in 
an advisory capacity to the many other bodies which are 
attempting to bring about uniform and sounder legislation, 
and cooperate fully with the Motor-Vehicle Conference Com- 
mittee, the National Automobile Chamber of Commerce, the 
American Automobile Association, and other organizations 
in their activities on this general subject. 

The personnel of the Subcommittee is F. J. Scarr, of the 
Searr Transportation Service, chairman; F. D. Howell, of 
the Motor Transit Co.; Adrian Hughes, Jr., of the United 
Railways & Electric Co. of Baltimore; J. F. McMahon, of the 
Yellow Taxi Corporation; H. V. Middleworth, of the Con- 
solidated Gas Co. of New York; R. E. Plimpton, of Bus 
Transportation; T. D. Pratt, of the Motor Truck Association 
of America, Inc.; and G. W. Reimann, of the American Rail- 
way Express Co. Those members who attended the above- 
mentioned meeting were Messrs. Scarr, Plimpton, Pratt, 
and Reimann. 
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Teaching Production Principles 
to Engineering Students 


ANNUAL MEETING PAPER 





fae problem of teaching engineering in universities 
is complicated because (a) a large percentage of 
graduates enter fields of work that require knowl- 
edge of the fundamentals of production, organization, 
cost accounting, and human relations; (b) the volume 
of literature on these subjects is so great that suitable 
selection must be made; and (c) mechanical engineer- 
ing embraces a very large number of branches with a 
great volume of information that must be imparted 
in each. : 

This condition led the faculty of the Sibley School 
of Mechanical Engineering to believe that its teach- 
ing should be confined mainly to fundamentals and that 
these should be impressed upon students by specific 
application to given problems. This principle has been 
followed in arranging the courses in industrial engi- 
neering, and the author gives an outline of the curricu- 
lum to make clear the present status of the man- 
agement courses. Students are given the usual engi- 
neering courses during their first 3 years and in the 
third year are given an elementary lecture-course 
in industrial organization. Those electing the indus- 
trial-engineering option in their senior year are given 
a course in cost accounting, corporation and invest- 
ment finance; a lecture course in industrial relations, 


OW that a large percentage of engineering gradu- 
ates enter fields in which a knowledge of the 
fundamentals of production, organization, cost 
accounting, and human relations is essential, and a great 
volume of literature on these subjects has become avail- 
able in recent years, the problem of the university faculty 
has become, not how to find material for a course of in- 
dustrial engineering, but what shall be chosen from the 
enormous amount of material at hand. 

This condition is complicated at the Sibley School of 
Mechanical Engineering by the fact that we must also 
graduate men who are mechanical engineers in the ac- 
cepted sense, and by the tremendous increase in infor- 
mation which we should like to impart in each branch of 
engineering as exemplified by advances made in the de- 
velopment of alloy steels, high-pressure steam-engines, 
Diesel engines, turbines, autogenous welding, and the 
like. 

Because of this condition it has become the feeling of 
the faculty that our teaching should be confined mainly 
to fundamentals and to impressing these upon the mem- 
ory by specific application rather than to educating the 
student merely in the specific applications. This princi- 
ple has been followed in the arrangement of the courses 
in industrial engineering, and a brief outline of the 


curriculum will make clear the present status of the 
management courses. 
All students are given the usual engineering courses 


during their ‘first 3 years, in which it is possible to give 
a large amount of instruction in mechanics and design 


IHecd of industrial engineering department, Cornell University, 
Ithaca, N. Y. 


By Myron A. Lee! 
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Illustrated with CHARTS 





and lecture, laboratory and drafting-room work in in- 
dustrial engineering. 

In this last course the principles taught in the lec- 
tures are paralleled by application of them to indi- 
vidual problems assigned to the students. Each is 
required to lay-out in the drafting-room plans for a 
factory; prepare a chart showing the number of ma- 
chines of each type required for the given production 
of such units as, for instance, an automobile transmis- 
sion; locate the machines to best advantage; prepare 
a chart of organization; devise forms for produc- 
tion-control; make time-studies, and in every way con- 
duct all the operations of a theoretical plant. 

Although many graduates engage eventually in 
management and production activities, the fields they 
enter are so diversified and the educational period is so 
brief that it is impossible and probably undesirable 
to concentrate on details of application of production 
principles to any one industry. Few students know 
definitely what specific industry they will enter after 
they have been graduated; hence, the policy of using 
drafting-room and laboratory problems as a means of 
enabling the student to grasp and retain general prin- 
ciples of production that are applicable to any indus- 
try seems to be a sound teaching-policy. 


because of the exacting entrance-requirements in mathe- 
matics. During the third year all students are given an 
elementary lecture-course in industrial organization, 
which treats of industrial history, fundamentals of divi- 
sion of labor, mass production, standardization, speciali- 
zation, organization, and like subjects... In the senior 
year those electing the industrial-engineering option, in 
addition to heat-power, mechanical laboratory, and elec- 
trical theory and laboratory work, take a course in cost 
accounting given by the Department of Industrial En- 
gineering, a course in corporation and investment finance, 
a lecture course in industrial relations, and a course in 
industrial engineering consisting of lectures and labora- 
tory and drafting-room work. In this last course the 
principle of demonstrating fundamentals by their ap- 
plication to a specific problem is applied. 

It is recognized, for instance, in teaching machine- 
design, that a lecture or even a recitation course alone 
cannot accomplish the results that can be attained in the 
drafting-room. If a student actually designs some piece 
of apparatus, such as a triplex pump, he acquires and, 
more important, he retains a knowledge of machine- 
design which probably he could obtain in no other way. 
Moreover, this knowledge is not limited in application 
merely to the apparatus he has designed, but is, to a 
large extent, fundamental and applies to the whole field. 
This is particularly true if the drafting-room course is 
correlated with a carefully prepared and well presented 
course of lectures which show the general application of 
the principles of the subject. 

The present industrial engineering course was devel- 
oped in an endeavor to apply this teaching principle. The 
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various subjects included in the course are discussed in 
lectures, and as each subject is studied the student makes 
a specific application to his own drafting-room problem. 
This drafting-room work consists of laying out a plant to 
produce some simple assembly and, as each subject, such 
as organization and production control, is discussed in 
lectures, the student parallels the lectures with definite 
problems in the drafting-room relating to his own plant. 

Through the courtesy of the Brown-Lipe Gear Co., 
blueprints for one of its transmissions and operation 
sheets for each part were obtained, and each student 
makes floor plans of a factory to manufacture a definite 
number of these transmissions. All students can make 
use of the same data but, as each is designing a plant 
that differs in capacity from the others, each man has a 
different problem. One of these transmissions was 
mounted in the drafting-room so that all students could 
acquaint themselves with its design and operation, and 
each student was supplied with sheets detailing the oper- 
ations on each part. Also, as an assistance toward a 
thorough understanding of the problem, manufacturers’ 
catalogs of all machines used in the operations were made 
available. Each machine number, as given on an opera- 
tion sheet, refers to a definite machine, and data, such 
as name of builder, work size of the machine, floor space 
occupied, rated horsepower, and cost, were supplied for 
each machine. 

Although the data by which each student determines 
the number of machines required in his plant are based 
on one type of transmission, his plant is laid out as it 
would be for the manufacture of several types. The first 
step in his problem is to determine the number of ma- 
chines of each kind required. This is accomplished by 
filling out a chart in which every part that is used in the 
transmission is listed by number and name down the 
left side and every machine used for producing the parts 
is listed by number and descriptive name across the top. 
From the operation times, as given on the operation 
sheets, the number of hours per month required for each 
machine for each part can be computed, and a summary 
of the figures in the vertical columns gives the total 
number of machine-hours per month required of each 
machine. The shop is assumed to run 210 hr. per month. 
If the machines are assumed to operate on the average 
80 per cent of this time, then the average number of 
hours that a machine will operate per month is 168. 
Dividing the total of a column by this figure gives the re- 
quired number of machines of the type specified at the 
head of the column. As each student is assigned a dif- 
ferent number of transmissions per month as the capacity 
of his shop, he will determine upon different numbers of 
machines than the other students and will thus be work- 
ing on a different problem. 

The student next draws floor plans for a factory to 
house the machines. He may choose either a single-story 
or multiple-story building of modern type constructed in 
conformity with the requirements of the industrial code 
and labor law as they relate to stairways, sanitary con- 
veniences and other details. He locates the machines for 
convenient flow of material and groups them to facilitate 
proper supervision. 


ORGANIZATION CHART AND PRODUCTION-CONTROL FORMS 


Having the floor plans and data regarding machines, 
it is possible for the student to attack a large variety of 
problems. The first one attempted is to make an organi- 
zation chart for the management of the shop, as in Fig. 
1, after the theory of organization has been discussed 
in lectures and explanations have been given of the de- 


velopment of functional, or line-and-staff, organization, 
as industries grew too large for line organization. In 
the discussion of organization and organization charts, 
the charts shown in Principles of Industrial Organiza- 
tion, by D. S. Kimball, and in Management’s Handbook 
are very helpful. The student is examined on his know]l- 
edge of the duties and functions of each department 
shown in his chart to make sure he has studied the sub- 
ject and expended thought upon his work, which is re- 
garded as more essential than that he arrive at an ideal 
solution of his problem. 

Mechanisms of control and the use of orders and re- 
turns are next studied. It is assumed that a customer’s 
order is received calling for some parts which can be 
shipped from stock and some which have to be manu- 
factured. This originates shipping orders, production 
orders, work orders, material issues, and other docu- 
ments. 

The method of handling the issuing of stores and keep- 
ing a balance-of-stores ledger is explained and the forms 
usually employed in industry are discussed in detail. The 
student then devises sample forms, such as a requisition, 
material issue, work order, shipping order, production 
order, and job time-card. He must also be able to trace 
the course of each of these forms through the shop and 
tell who fills-in each item and his authority or reason for 
doing so; also the information that is obtained from 
each form, by whom it is obtained, and what uses are 
made of it. It has been found that this problem gives 
the student a real knowledge of the method of using or- 
ders and returns for the control of production. He also 
gains a knowledge of good practice in the make-up of 
forms, and an opportunity is presented for interesting 
him in the subject of modern job-time recorders, cost- 
keeping methods and tabulating machines. 

The case of the subject of production control is typical 
of the way in which the lectures cover the general field 
and specific application is made in the drafting-room. 
In the lectures it is shown how, in a small industry of 
intermittent type, the work of production control must 
be cared for; but, since variety is small and the number 
of orders few, routing, scheduling and dispatching are 
carried on by the superintendent and foreman without 
formal mechanisms and possibly without even recogniz- 
ing these functions as such. As the business grows, these 
informal methods become inadequate and the principle 
of division of labor is applied, which results in time- 
study and a formal planning-department. 

Explanation is made of how the functional departments 
handle stores by means of requisitions, stores issues, 
move orders, balance-of-stores ledgers, and the like; how 
the time-study and methods men determine the best 
methods of performing detail operations and the time 
which should be required, developing and providing in 
advance the necessary tools and fixtures; how the plan- 
ning department routes the work, schedules it and dis- 
patches it through the shop; and how route charts, 
schedule boards and dispatch stations are used. 

As business increases still further, the problem be- 
comes, not one of determining the sequence of jobs at a 
given machine, but the determining of the number of 
machines to operate continuously upon one operation. 
Routing is cared for in design of the building and loca- 
tion of the machines, while scheduling and dispatching 
are provided for by conveyors. The business is thus 
pictured as having grown to a continuous industry. 

The student’s own plant is regarded as of the inter- 
mittent-process type, and the student applies the princi- 
ples of production control to his individual problem; he 
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devises the necessary forms and provides a system of 
routing, scheduling and dispatching. In the lectures, 
charts, such as those designed by Prof. J. R. Bangs and 
shown in Figs. 2 and 3, are of great assistance in aiding 
the student to visualize the necessary procedure. 


APPLICATION OF CosT ACCOUNTING AND TIME-STUDY 


After the student has had a course in cost accounting, 
in which he has already studied the relation of cost 
keeping to general accounts, he is ready to apply to his 
own plant the principles learned. The problems and ap- 
plication of process costs, order costs, standard cost, 
budgeting, and related subjects are explained and dis- 
cussed in lectures. The advantages and disadvantages 
of the various ways of distributing expense are consid- 
ered and then, in the drafting-room, the student computes 
an hourly expense charge by the machine-rate method for 
each type of machine in his plant. 

In computing this charge he prepares a chart in which 
all the machines are listed at the left by number and de- 
scriptive name, and machine data and the hourly expense 
charges are entered in vertical columns under headings 
as follows: Number of Machines, Area of One Machine, 
Present Value, Scrap Value, Life in Years, Total Area of 
Group, Floor Area Chargeable to Group, Hours Used per 
Month, Horsepower Rating, Horsepower-Hours, Power 
Cost per Group, Depreciation for Group, Hour Charge 
for Group, Space Charge for Group, Value Charge for 
Group, Total Charges for 1 Month, Hourly Rate for 
Group, Hourly Rate, and Rounded Rate. 

The charges are totaled at the foot of the cost columns. 
The student can now determine the manufacturing cost 
of a transmission made in his plant under normal oper- 
ating-conditions. 

Part of the work of the course consists in time-study 
practice in which the student makes time-studies of op- 
erations in the university shops. The method and objects 
of time-study are explained in the lectures, and emphasis 
is placed on the fact that a time-study is not merely a 
means of setting a rate for a piece-worker but is valuable 
for many other purposes. Various methods of taking 
readings and making allowances are discussed and the 
making of rate tables and time-setting charts are ex- 
plained. Some time is spent in a consideration of the 
science of cutting metals and, insofar as practicable, 
methods of multiple-tooling and high-production machine- 
tool operation are studied. 

As it has been found that allowing him to make pre- 
liminary time-studies results only in a waste of time, the 
student is given mimeographed sheets which enumerate 
the elements of each operation to be studied and the point 
where each reading is to be taken. Before taking the 
study he is required to demonstrate that he has practi- 
cally visualized the sequence of the elements making up 
the operation, and he will almost automatically know 
when to take readings. The standard time-study watch, 
reading in 0.01 min., is used, and a person needs some 
practice before he can read one of these watches quickly, 
as he must do when using the continuous method of ob- 
servation. 

Each student is provided with a stop-watch mounted 
on a board of convenient shape and records his observa- 
tions on the usual type of time-study log-sheet. Usually 
it is possible to have not more than 10 men taking ob- 
servations upon one operator. Several complete opera- 
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tions or cycles are observed, to assure obtaining repre- 
sentative times. 

After the observations are made, the student deter- 
mines reasonable minimum times for all elements of the 
operation; makes the customary allowance for personal 
needs, usual delays and the like; prepares an instruction 
card for the operation, which determines the standard 
time for a given number of parts; and also writes a de- 
scriptive report of the study. 

Each student makes a time-study of operations on 
perhaps five or six different jobs, such as operations on 
a molding-machine, a drop-hammer, drilling machines, 
and turret-lathes. For machining operations the cutting 
time is computed as well as observed, speeds, feeds, depth 
of cut, and other items being checked by tables, and the 
use of the Barth slide-rule is explained. This work does 
not make a student an experienced time-study man, and 
is not expected to do so, but it does familiarize him with 
the taking of a study and stimulates him to a much 
keener interest in the lectures on the subject. 

Many of our graduates engage eventually in manage- 
ment and production activities, but the field they cover 
is wide. Because of this fact, and owing to lack of time, 
it is impossible and probably undesirable to concentrate 
on details of the application of production principles to 
any one industry. Since few students know definitely 
before graduation what specific industry they will enter, 
the policy of using drafting-room and laboratory prob- 
lems, not to teach special applications but as a means of 
causing the student to grasp and retain general principles 
of production that are applicable to any industry, seems 
to be a sound teaching-policy. 


THE DISCUSSION 


CHAIRMAN JOHN YOUNGER :—lI differ from Mr. Lee in 
one respect in training men; at Ohio State University we 
try not only to teach them fundamentals but to show 
them trends. We use text-books such as D. S. Kimball’s 
for the fundamentals, and articles in Automotive Indus- 
tries, Manufacturing Industries, Factory, and Industrial 
Management to point out the trends. 

LiEUT. W. S. THEE’:—To qualify a student for the 
automotive industry, the fundamental principles required 
can be given in a good course in mechanical engineering, 
which teaches mathematics, mechanics, electricity, chem- 
istry, physics, thermodynamics, metallography, mechani- 
cal-laboratory work, machine design, machine-shop work, 
forging, pattern-making and industrial-plant construc- 
tion. If the student desires to specialize in production, 
he can take optional courses in engineering administra- 
tion, such as accounting, business management, indus- 
trial organization, statistics, and marketing methods. 

WALKER GILMER':—It seems to me that during the 
first few months of a man’s time at college he should be 
given more insight into what can be accomplished, or 
what should be accomplished, possibly 10 or 15 years 
after his course is finished, and that the remainder of his 
time should be used in giving him a foundation of princi- 
ples for accomplishing these results. 


PREPARING STUDENTS FOR NEW DEVELOPMENTS 





CHAIRMAN YOUNGER:—I look upon the situation of the 
student somewhat as in Fig. 4. Industry is progressing 
on the upward-sloping line. The student is at point a 
when he is graduated and it will be 5 or 7 years, more or 
less, before he reaches an executive position, as indicated 
by the intersection of the dotted and the solid line. We 
must try to give him all the background we can in school, 
but we also want to give him information about the new 
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developments to come so that he will be able to fit him- 
self to them when his time comes. 

LIEUTENANT THEE:—Mr. Younger’s thought is ex- 
pressed by the saying, “The art always precedes the 
science.” Science explains what happens, and the know!- 
edge revealed by science often results in the development 
of new arts. Tetraethyl lead, for example, was discov- 
ered to be a suppressor of detonation of motor fuels. 
The scientist now has a problem to show how it does so, 
and in his work he may discover a better method of ac- 
complishing the same results. 

The college graduate who is trained successfully may 
lag temporarily upon completion of his college training 
but later will develop at a faster rate than the industry, 
as shown by the dotted line in Fig. 4. The key to success 
is the learning and development of methods of applying 
the fundamental and scientific principles that are taught 
in college. Success in any particular job or assignment 
in industry is attained by acquiring a knowledge and un- 
derstanding of the fundamentals in the shortest possible 
time. The time required to do this depends upon the 
individual and the opportunities available within an or- 
ganization in the way of an industrial training-program 
that is directly related to the industry. 

The Army method of training its officers is to detail 
them to the General-Staff School, the Transportation 
School, the Administrative School, and so on. Engineer- 
ing training should be elevated from the vocational plane 
to the professional plane. Professional training teaches 
fundamental principles and how to apply them; in voca- 
tional training the student merely memorizes established 
rules and one definite method of applying each. 

PRoF. Myron A. LEE:—I agree fully that the only way 
to keep up with developments is to read the trade periodi- 
cals; there is no question about that. Lieutenant Thee’s 
attitude on the subject is much the same as ours. When 
students come to the university we cannot know whether 
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Fic. 4—RELATIVE PROGRESS OF INDUSTRY AND THE COLLEGE GRADUATE 

Industry Makes Progress as Indicated by the Solid Upwardly 

Sloping Line. When the Student Is Graduated After a 4-Year 

College Course He Is at the Point a with Reference to Industry 

and a Period of from 5 to 7 Years, as Indicated by the Dotted Line, 

Elapses Before He Becomes an Executive at the Time Indicated by 
the Point of Intersection of the Solid and Dotted Lines 


they will later enter the automotive industry or some 
other; therefore, the only thing we can do is to try to 


give them an engineering foundation which they can use 
in any industry. 
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they went through the same operations on the same machines 
and nothing apparently had been changed to improve the 
“noise” conditions. On the other hand, because of careless 
inspection, gears in which it is extremely easy to detect 
excessive noise are passed at times into the finished product 
only to be rejected. Again, one man will pass an engine, in- 
sisting that it is satisfactory, while an inspector will reject 
it on the next test. 

In spite of the care taken in many cases to establish a 
standard to follow, considerable difficulty is experienced in 
obtaining a practical, uniform standard on noises. The se- 
curing of men whose sense of hearing is keen enough to 
enable them to “standardize” to a point where uniformity of 
product: that will satisfy the buying public can be main- 
tained is very difficult. According to our experience, about 
1 man in 500 has a sense of hearing that will enable him to 
pass satisfactory judgment day after day; even the best men 
have their “off” days. Their hearing is affected by their 


physical condition and frequently by outside causes to the 
extent that they will pass unacceptable units which are not 
discovered until the final car-assembly has been completed. 
This is of course costly. It reveals clearly the weakness of 
the human element. 

There is another difficult problem in standardizing inspec- 
tion in matters where personal judgment is required, such 
as body finish, blemishes and off-color on painted bodies, and 
dirt, sags and scratches on enameled parts. 

The invention of an instrument or process that will indi- 
cate or register noise in a practical manner would be one of 
the greatest possible assets in modern-day mass production. 
In visual inspection where personal judgment is required 
diligent effort must be made to pick men who are above the 
average in ability and have “even” dispositions; a tempera- 
mental or indifferent inspector cannot be educated to main- 
tain a standard where personal judgment must be uniform 
from day to day to avoid a great handicap on production. 
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N impetus to more scientific highway-construction of the approximate reduction in transportation costs = 

was given by the World War, and, while it is nec- and for balancing these against cost of road improve- of 

essary to limit the weight and size of motor-vehicles ment and maintenance. er 

to safeguard the existing investment in highways, these Highway engineers can reduce the cost of operating al 

limitations are being made as liberal as conditions per- motor-vehicles by improving the highways, and auto- | ol 

mit. It is necessary for highway engineers to obtain a motive engineers can reduce the cost by further im- tl 

clear understanding of the interrelation of the highway provement of the vehicles. vi 

and the vehicle. The author explains briefly the effects The discussion deals with the kind of tremendously n 
each has on the other and discusses these in connection 


with the problems of road location, grades, safety of 
users, cross-section of concrete slabs, the design of 
non-rigid road-surfaces, classes of highway and their 
cost to the public, and the economics of highway im- 
provement and transportation. 

It is believed to be possible, the author states, to 
show that, under certain conditions, road improvement 
creates wealth, either in the form of lowered transpor- 
tation costs or as improved social and educational con- 
ditions, or both. Charts are given for the estimation 


HE World War, which brought about many 

changes in economic and social conditions in the 

United States, may be credited with having 
ushered in'a new era in highway construction. While 
several years were required for the new ideals to gain 
general acceptance and an additional time for them to 
affect materially the construction practice of the high- 
way departments, the impetus to more scientific high- 
way-construction was due, in large measure, to a real- 
ization of the significance of war-time experiences with 
highway transportation. 

For a long time after the motor-vehicle became the 
predominant factor in highway traffic, the attitude of 
highway officials was one of insistence that the vehicle 
must adapt itself to the highway. Now every well or- 
ganized highway department is trying to adapt its high- 
way system to the traffic. So far as finances permit, 
construction and maintenance programs are based on the 
adequate accommodation of present and prospective 
users of the highways. 

The present investment in highways is so large and 
the need of additional mileage of surfaced highways is 
so urgent that there is now, and will continue to be, the 
necessity for limitations on loads and on size of vehicle 
that will safeguard the existing investment in highways. 
Regulations to this end are being made as liberal as con- 
ditions permit. In this phase of highway administra- 
tion there has, on the whole, been a surprisingly cordial 
spirit of cooperation between the manufacturers and 
operators of vehicles and highway officials, notwith- 
standing some cloudy spots on the picture. 

This new conception of the function of our highway 
systems has made it imperative that highway engineers 
obtain a clear understanding of the interrelation of the 


1 Professor of highway engineering, Iowa State College, Ames, 


Iowa, 


expensive highway improvements being made in New 
Jersey to carry the dense traffic and its economic as- 
pect; the possibility of driving motor-vehicles by pro- 
peller and distributing the tractive effort through four 
wheels to reduce the burden and wear on the road sur- 
face; governing vehicles to operate at uniform assigned 
speeds on designated highways to reduce accidents; the 
best possible type of road construction for a heavily 
traveled trunk-line; and whether automobiles should 


come before good roads or the good roads before the 
vehicles. 


highway and the vehicle that uses it; of what the ve- 
hicle does to the road and what the road does to the 
vehicle. 

The difficulty of securing accurate information on 
this subject has been tremendous betause numerous 
technical and purely theoretical problems are presented 
which are too often unintelligible to those who control 
the purse-strings. Consequently, a pitifully small allo- 
cation of funds has been made for the investigation of 
what constitutes the best highway for each traffic situ- 
ation. 

In this paper an attempt will be made to point out 





Fic. 1 


DISPLACEMENT OF A NON-RIGID ROAD-SURFACE BY TRAFFIC 
All the Transverse White Lines Were Straight Originally but Those 


at the Left Have Been Pushed into Various Wavy Forms by Creep- 


ing of the Road Surface Due to Action of Vehicle Wheels. This 
Is an Evidence of Improper Design or Construction of Roads That 
Are Somewhat Plastic and Is an Effect That Is Noticeable on All 
Intermediate and Low-Type Road-Surfaces. It Is a Factor That 
Must Be Taken into Account in the Designing of Roads That Carry 
Traffic in Excess of 300 or 400 Vehicles per Day. Photograph 

Supplied by the Bureau of Public Roads 
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HIGHWAY SYSTEM DESIGN AND CONSTRUCTION 201 
some of the more recent developments in connection with 100; 
the design and construction of highways and the eco- , 
nomic basis upon which highway improvements are 
"2er 5 
justifiable. 7 , +- 
J /EHICLES : = Worn -Out Sohd Tires 
WHAT VEHICLES DO TO THE ROADS = 400} New Sold Tikes z 
Perhaps a start can be made by considering some of 7{ a i W jaiaas tan 
the things the vehicle does to the road: 4 neumatic Tires 
First, the tires wear away the road surface. This is ~ 200} 
due to the tangential force applied by the driving wheels Static) oS AS 
and the wheels that are fitted with brakes. This may wad Q 10 2030 a 50 60 10 bP =e 50 
“ ° . + Ff. 
be assumed as roughly proportional to the weight of the mpacts per 500 Ft.o7 Koa 
vehicle and the square of the speed. W hile this effect sin wesibbiialie Phat eae a 
must be taken into account in connection with all typeS Curves on the Chart at the Left Show Magnitude of Impacts — 
of road surface, it is especially important that it be ough, Stone-Block Pavement and Those in the Chart at the Right 


evaluated correctly when the non-rigid types of surface 
are being designed. This is illustrated in Fig. 1. Bitumi- 
ous surfaces are now being designed and constructed 
that have a toughness and stability undreamed of 10 
years ago, which is being accomplished in part by a 
more scientific grading of the mineral aggregate and in 
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Fic, 2—DISTORTION STRESSES IN CONCRETE SLABS UNDER WHEEL 
LOADS 
Investigations Show That the Weight on a Wheel at the Center of 
a Slab Tends To Depress the Slab in the Form of a Saucer, as 
Indicated by the Contour Lines, and That the Effect Does Not 
Extend All the Way across the Slab or Road Surface to the Same 
Extent. Deflection Curves in the Upper Chart Are for the Section 
XX in the Lower Chart. The Dotted Lines Represent Stresses for 
Each Load Separately, and the Solid Lines the Stresses for Both 
Wheel Loads Combined. PP Are the Centers of Pressure 


part by a more careful control of the kind and quantity 
of bitumen used. 

Loose “mulch” over gravel surfaces is a means: of pro- 
tecting this type of road from progressive wear. The 
use of bituminous surfaces on macadam and the more 
recent adoption of bituminous binders to minimize wear 
on gravel surfaces were steps in the direction of better 
protection of the road surface against the tangential 
force exerted by rubber tires. 

Second, the road surface is distorted by wheel loads. 
If the road is of the rigid type, the distortion tends to 
depress the surface into a dish-like form, as illustrated 
by Fig. 2, the wheel load being in a position correspond- 
ing to the center of the dish. Distortion of this kind 
produces, not only simple tension and compression, but 
also torsional stresses of an exceedingly complex and 
elusive character. The Bates, Ill., experimental road, 
the Pittsburgh, Cal., experiments, and the stress meas- 
urements’ that have been made by the Bureau of Public 
Roads represent an impressive series of studies of this 


*See Public Roads, April 26, 1926, p. 29. 


on a Smooth Concrete Pavement. In All Cases the Impacts Were 

Measured with a 2-Ton Truck, Fitted with the Rated Sizes of Dual 

Tires Loaded to Rated Tire-Capacity and Driven at a Speed of 12 

M.P.H. Curves at the Right Correspond in Relative Position to 
Those on the Left for the Different Kinds of Tire 


subject. As a result, the engineer now has a scientific 
basis for estimating the strength required for rigid road- 
slabs and of rigid foundations for plastic surfaces. 

If the road surface is non-rigid, the distortion takes 
the form of a lateral and downward displacement. No 
formulas exist by which such surfaces can be designed; 
the engineer is compelled to rely upon experience and 
judgment, but it is certain that little hope can be en- 
tertained of securing stability with designs like those 
developed years ago for loads of 1 or 2 tons per wheel, 
although many highway boards seem determined to court 
disaster by so doing. Initial construction of inadequate 
road-crusts of gravel, sand-clay, macadam or bitumin- 
ous macadam is not an irreparable error, because thick- 
ness can be added to these types without the loss of any 
considerable part of the value of that which is already 
in place. But if concrete or concrete-base pavements are 
too thin, strengthening is likely to be a very expensive 
operation and the complete salvage of the existing slab 
may be impossible. 

Probably the greatest deficiency of present-day con- 
struction is the failure to provide a sufficient factor of 
safety in the initial construction of concrete bases and 
concrete roads. The standard sections adopted by the 
State highway departments too often fail to reflect a rea- 
sonable evaluation of the probable increase in loads dur- 
ing the life of the pavement, and the cities have shown 
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Fic. 4—TRACTIVE RESISTANCE ON DIFFERENT KINDS OF ROAD SURFACE 


The Curves Are for a Vehicle Weighing 1 Ton and Show the Rolling 

Resistance Plus Air Resistance at Different Speeds. Rigid Smooth 

Pavements Offer Little More Resistance than the Equivalent of the 

Power Losses in the Tires. Roughness and Yielding of the Surface 

Increase the Resistance, Which May Reach Several Hundred 
Pounds per Ton in Extreme Cases 
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still less regard for the plain lessons of experience in 
this direction. 

Third, wheel loads subject road surfaces to varying 
magnitudes of impact. The extent to which this should 
be taken into account in any case is at present a moot 
point and further study and experience will be neces- 
sary before there is a final answer. Many investiga- 
tions have been made to show the extent of impact on 
highways. Typical results are shown in Fig. 3. Cer- 
tainly the engineer should give careful consideration to 
the possibilities of impact effects when he designs a road- 
way surface, but the exact allowance, if any, must be 
fixed by his good judgment. 


EFFECTS OF ROAD SURFACE ON THE VEHICLE 


The road surface has certain effects on the vehicle, 
and these should be evaluated in developing a highway 
system. It is possible in many instances to secure high- 
way improvement without cost to the public by selecting 
the right kinds of surface for the several links in the 
highway system. This comes about through savings to 
the owners of motor-vehicles due to lowered operating- 
costs. 

First, the road surface offers a resistance to the move- 
ment of the vehicle in the form of an interaction be- 
tween the tires and the road surface. With high-type 
surfaces that are smooth, hard and unyielding this 
rolling resistance is but little greater than the equiva- 
lent of the power losses in the tires, or approximately 
30 lb. per ton of weight on the tires. On low-type sur- 
faces, the average resistance is considerably greater 
than for the high type and may reach several hundred 
pounds per ton in extreme cases, as shown by the typical 
tractive-resistance curves in Fig. 4. This resistance 
is a factor in vehicle operating-cost, because it is re- 
flected in fuel consumption and tire wear. 























Stations 


Fic. 5 
At the Top Is Shown the Profile of a Stretch of Hilly Road 
with Grades up to 8.8 Per Cent. It Extends from South, on 
the Left, to North, on the Right. A Buick Car Driven in 
Both Directions Showed the Following Gasoline Consumption: 





Gasoline Consumption 


Direction Clutch per Ton-Mile, Gal. 
North In 0.0488 } 
South In 0.0469 ; Average 0.0479 
North Out 0.0475 | Average 0.0485 
South Out 0.0496 i 0.0 Grade 0.0480 


For the Four Separate Runs the Curves Below, from the 
Top Down, Show the Relation between Speed and Gasoline 
Consumption on Each Part of the Road. 
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Second, the road surface wears away the tire tread- 
rubber. This may be the determining factor in the life 
of the tire. It has been shown that the intermediate 
and low-type road-surfaces wear the tires at a rate of 
4 to 10 times that of high-type surfaces and that in some 
cases the rate of wear on certain road-surfaces of loose 
angular stone may be at least 20 times as rapid as on 
a high-type surface. A few typical measurements of 
this effect are given in Table 1. So many variables enter 





TABLE 1—APPROXIMATE RELATIVE WEAR OF TIRES ON 


VARIOUS ROAD SURFACES’® 
Surface Tire Tread-Wear Relative 
No. Type per 1000 Miles, Lb. Wear 
1 High 0.0662 1.00 
2 High 0.1240 1.87 
3 Intermediate 0.3520 5.30 
4 Low 0.5600 8.50 
5 Very Poor Surface 0.8630 13.00 
6 Abnormal ~~ ..... 17.00 
7 Sharp Stones, not 
Rolled 7 J..ee 56.00 
> First and Second Progress Reports on Relation of Road 
Surface to Automobile Tire Wear, Engineering Bulletins Nos. 


16 and 18, State College of Washington, Pullman, Wash. 


into this sort of wear that it is impossible at present 
to point out just what influence any specific type of road 
may have, but the effect is always to be considered. 

Third, when a road surface receives impact from a 
vehicle, it naturally follows that the vehicle receives im- 
pact from the road. The resulting forces are mutually 
destructive to road and vehicle. Up to some critical 
speed, road roughness of a certain type increases rolling 
resistance and fuel consumption beyond that required 
for a smooth surface of the same type; at speeds greater 
than the critical, this effect decreases rather rapidly, as 
illustrated by Fig. 4. 
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Stations 
EFFECT OF HIGHWAY GRADES ON FUEL CONSUMPTION BY MOTOR-VEHICLES 


Over the Same Stretch of Road a Heavy Aviation-Truck 
Showed Gasoline Consumption as Follows: 


Gasoline Consumption 


Direction Clutch per Ton-Mile, Gal. 
North In 0.0258 | rnorg or 
South In 0.0300 ; Average 0.0279 
North Out 0.0184 ) Average 0.0189 
South Out 0.0194 59.0 Grade 0.0220 


Brakes Were Applied on the Steeper Grades, as Indicated, 
and Gearshifts Were Made at Beginning and End of These 
Grades, as Shown on the Records of the Individual Runs, 
Which also Show the Relation of Speed to Fuel Consumption. 
If the Grade of the Hill and the Condition at the Foot Make 

Coasting Safe, Considerable Saving in Fuel Is Possible 
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Fic. 6—KINpD or Roap TuHatT Is COSTLY TO TRANSPORTATION 


Part of the Lincoin Highway in Iowa in 1926. Mud and Dust, in 

Addition to Causing Time Loss, Increase Repair Costs and Deprecia- 

tion on the Vehicle. These Effects Cannot Be Evaluated Accurately 

but a Good Guess Is that They Amount to an Average of between 1 
and 2 Cents per Mile for Passenger Automobiles 


FACTORS 


AFFECTING ECONOMICAL-GRADE DETERMINA- 
TION 


Fourth, the rate of grade of a highway may affect the 
time of travel and the fuel consumption of the vehicle. 
Many factors enter into the calculation of the most eco- 
nomical grade for any specific vehicle. Of these the sig- 
nificant ones are the maximum tractive-effort of the 
vehicle at the speeds considered and rolling and air re- 
sistance. The driving habits of the vehicle operator, 
permissible speeds and meterological conditions may have 
a bearing on the subject. It can be stated as a gen- 
eral principle that the most economical grade is one that 
will permit a vehicle to ascend in high gear at the most 
efficient engine-speed and to descend without the use of 
the brakes and without attaining too great a speed. As 
a general rule the grade that is just right for ascending 
vehicles is too high for descending; consequently, high- 
way grades are always a compromise between the two. 
But it seems to be effectually proved that hilly roads are 
not uneconomical if a judicious selection of the maximum 
grade has been made. The curves in Fig. 5, selected 
from a large number of similar ones, illustrates this 
point. 

Fifth, safety is becoming an increasingly important 
consideration in highway design. Slipperiness of the 
road surface frequently contributes to accidents. There 
seems to be but little difference in the coefficients of 
friction between tires and the accepted types of road 
surface when they are dry. When they are wet, the 
coefficient of friction may be greater than when dry, it 
may be about the same, or may be very much lower. 
This is shown by the data in Table 2. Likewise, a little 
frost on a surface may affect the slipperiness but little, 
or it may result in a very dangerous condition. 


TABLE 2—TYPICAL COEFFICIENTS OF FRICTION 


Surface Coefficient 
Dry Concrete Road 0.80¢ 
Flooded Concrete Road 0.944 
Dry Clean Asphalt 0.862 
Water on Clean Asphalt 0.904 
Wet Oiled Asphalt 0.60¢ 
Wood-Block Pavement, Dry 0.53° 
Wood-Block Pavement, Wet 0.272 
Sleet, as Forming 0.07° 
Sleet, Roughened by Chains 0.10° 

a De ‘termination of coefficient of friction by Bureau of 
Standards; Automotive Industries, Nov. 29, 1924, p. 1095. 

» Bulletin No. 67, Iowa Engineering Experiment Station, 


Ames, Iowa. 
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Sixth, dust and mud are factors in the deterioration 
of the vehicle. The exact cost of the depreciation and 
repairs chargeable to dust and mud has not been estab- 
lished. A good guess is that it lies between 1 and 2 
cents per mile for automobiles. In Iowa we still have 
trunk-line roads that have to be navigated as in Fig. 6, 
which is from photographs taken on the Lincoln High- 
way in 1926. This kind of transportation is costly. 


MAJoR INFLUENCES ON ROAD LOCATION 


These interrelations between the vehicle and the road 
are the factors that afford a starting point in the de- 
sign of a highway, but the design that is dictated by the 
theoretical considerations involved must often be modi- 
fied to meet such practical considerations as available 
funds, topography, cost of right-of-way, and especially 
the lethargy of public officials toward that which is new 
or abstruse. Some of the applications of the foregoing 
to rural-highway design are: 

Location.—Three factors have the major influence on 
location. These are directness, grades and safety. It 
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Fic. 7—METHOD OF DETERMINING RULING GRADES FOR HIGHWAYS 


Positions of the Circles through Which the Curves Are Plotted Are 
Calculated by the Formulas 


Maximum Minus Grades 


For Automobiles 
Pm== 3. 50/L(S2—S8;*) +R/20 
R=80, 8,=—30, Se—45 
For Commercial Vehicles 
Pm= 3.65/L(S2—S,*) +R/20 
R=60, 83=25, Se=35 
Maximum Plus Grades 


m4. Automobiles 
Pp 20—R/20+ [3. 50/L (S2—S8;’)] 
7800. R=80, 8i=30, Se=—45 

For Commercial Vehicles 
Pp=T/20—R/20 + [3.65/L (S2*—S,?) ] 
T—125, R=60, 8;=25, S2=35 











where 
L=Length of Grade, Feet 
Pm=Maximum Grade for Coasting without Use of Brakes, 

Per Cent 

Pp=Maximum Grade for Ascending Vehicle, Per Cent 
R=Tractive Resistance, Pounds per Ton 
S,;—Maximum Permissible Speed, Miles per Hour 
Seo— Maximum Desirable Speed, Miles per Hour 


T=Maximum Tractive Effort of Vehicle when in High Gear, 
Pounds 


The Broken Lines Represent the Maximum Minus and Plus 
Grades for Automobiles and Commercial Vehicles at Which the 
Maximum Permissible Speed Equals the Minimum Desirable Speed 
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has been recognized generally that the shortening of a 
busy road is of great value because of the lowered cost 
of transportation thereon. Probably few persons realize 
the great possibilities in this direction. If a highway 
carries an average of 1000 tons of traffic per day, a total 
of 365,000 tons per annum, each foot of distance saved 
to the traffic will justify an expenditure of at least $60. 
For other amounts of traffic, proportionate savings 
would result, and these possible savings amount to stu- 
pendous sums on certain very busy roads. 

Where the shortening of distance would entail heavy 
grading or the alternate of adverse grades, the designer 
must balance his design according to the exact condi- 
tions and in doing so should give due weight to the 
great value of distance saved, which might in many cases 
compensate for the cost of reducing adverse grades. 

In determining grades, the first step is to decide 
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Fig. 8—APPROXIMATE RELATIVE COSTS TO THE COUNTRY OF THREE 
CLASSES OF HIGHWAY 


Actual Total Cost of a Road System to the Public Includes the 
Cost of Operating Vehicles on the Roads; That Is, All the Costs of 
Highway Transportation. The Upper Diagram Shows the Relative 
Expenditures in 1926 for Highways and for Automobiles, the Mid- 
dle Diagram Shows How Much More It Costs To Operate on Inter- 
mediate and Low-Type Roads than on High-Type Roads, and the 
Bottom Diagram Shows the Possible Aggregate Savings That Can 
Be Effected by Raising the Low and Intermediate-Type Roads to 
Higher Types. Thus, a Saving of About $1,750,000,000 in Operating 
Costs Might Be Effected if All Low-Type Roads Were Raised to 
High Type 
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whether it is permissible to utilize momentum effects. 
On tangents where there is no intersecting road or other 
speed-limiting condition near the bottom of a hill, it is 
entirely feasible to design momentum grades. If the 
speed must be controlled at the bottom of the hill, then 
momentum grades are inadvisable. The diagrams of 
Fig. 7 show the method of analyzing the grade situation. 
Grades in excess of those shown in the diagrams will 
often be employed and will result in lowering the mini- 
mum speed or raising the maximum speed, or both. It 
is possible, of course, to have a rate of grade that re- 
quires the shifting of gears and excessive use of the 
brake, in which case a certain extra cost for gasoline 
and tire wear will result, the magnitude of which can be 
estimated, although the analysis is too long for inclusion 
herein. This extra cost, however, may be much less than 
that of the extra distance required to secure lower rates 
of grade. 

So far as available statistics are to be relied upon, the 
design of the road is but a minor factor in highway acci- 
dents. But short curves or blind curves, narrow embank- 
ments, narrow bridges, inadequate sight-distance on 
vertical and horizontal curves and at intersections of 
highways and of highways and railways all contribute 
to highway accidents. Those who use the highways 
agree that the elimination of grade crossings with rail- 
ways should be prosecuted with the utmost diligence; 
there is less recognition of the almost equally urgent 
need for the elimination of grade crossings of the busier 
trunk-line highways. 

Adequate superelevation of the roadway surface 
around curves is a factor that contributes to safety. 
This is most neatly and accurately accomplished when 
the tangent and curved sections are connected by an 
easement curve such as the cubic parabola that is em- 
ployed in railway practice. 


THICK-EDGE AND REINFORCED CONCRETE-SLAB DESIGN 


Cross-Sections.—Since the completion of the report on 
the Bates experimental road, there has been a widespread 
adoption of the thickened-edge type of cross-section for 
concrete roads and the use of embedded steel to carry 
shear at cracks and joints in the slab. Notwithstanding 
these marked improvements in design, the tendency has 
been to hold the thickness of slab to the minimum re- 
gardless of the soil and limatic conditions of service. 

Two doubtful practices have crept into the design of 
cross-sections: One is to assume’ that a design comply- 
ing with the epochal theory of Older with reference to 
thickness is sure to be adequate. The later analyses of 
Westergaard show that in some cases an inadequate 
factor of safety is provided on that basis. The other 
error is to assume that by designing concrete for high 
tensile-strength the slab thickness, and consequently the 
quantity of concrete, may be held to the minimum. Theo- 
retically that is true, but evidence is accumulating to 
indicate that a certain element of safety against impact 
effects results from the inertia of the mass of concrete 
in the slab. 

It seems that a logical basis for design would be to 
adopt for the concrete a mixture that would give no more 
than the necessary resistance to wear and to design the 
slab thickness on a basis of the modulus of rupture of 
the concrete thus obtained. There is also reason to feel 
that less difficulty will be encountered from temperature 
effects in the concrete meeting this requirement than 
with the richer concrete sometimes specified to secure a 
high modulus of rupture. 
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While the slab of uniform strength, of the thickened- 
edge type, has been widely adopted for concrete roads in 
preference to the slab of uniform thickness, this feature 
of design has gained adherents very slowly in connection 
with the design of the concrete base for sheet or block 
pavements. Yet there is ample reason to feel that the 
game principles apply. Moreover, the use of embedded 
steel for pavement bases of concrete has received but 
little consideration and this feature of design is believed 
to merit much wider adoption than it has received up 
to this time. 

Another anomaly in the design of pavements is fre- 
quently encountered when concrete pavements are de- 
signed with embedded steel and transverse expansion- 
joints. Too often no provision is made to strengthen the 
pavement at the expansion joint and, when that is not 
done, the design is seriously unbalanced. So far as load- 
carrying capacity is concerned, the pavement is no better 
than one of plain concrete. The expansion joint may be 
strengthened by using dowel bars across the joint, with 
one end inserted in a tight-fitting sleeve that will permit 
the bar to slip, at the same time assuring that the slab 
will deflect alike on the two sides of the expansion sheet. 
The situation can be handled by thickening the pavement 
slab along the expansion joint just as it is thickened 
along the edge in other cases. 

The design of the non-rigid roadway-surface requires 
the exercise of engineering judgment to an unusual de- 
gree, as no basis of calculation other than experience 
and precedent exists. Some road surfaces of this type 
are carrying loads equal to those imposed on rigid slabs 
and doing it economically. Many of these have been 
built up from thin slabs through years of maintenance 
until the requisite stability has been obtained. It is not 
safe to assume that similar designs will always be ade- 
quate for new construction, because a certain element of 
stability can be acquired only by long seasoning under 
traffic. These types are particularly adapted to programs 
of progressive improvement where it is expected that 
some failures will be encountered during the early life 
of the surface but that the weak places will gradually 
be eliminated by the maintenance forces. 


MAINTENANCE INCLUDED IN ROAD COosT 


For convenience of discussion, the several kinds of 
roadway surface have been grouped, as is customary by 
many writers, in three classes: low type, intermediate 
type and high type. It is not possible to place each type 
of surface in only one of these groups, because some 
types, such as bituminous macadam, may be so con- 
structed in one locality that they are logically classed as 
high type while in other places they are not so well built 
and are properly classed as intermediate type. Generally 
speaking, the well-known types of road surface fall into 
the three classes as follows: 

Low Type—Natural-soil roads, sand-clay, light 
gravel, oiled earth, shale, shell, and similar materials. 

Intermediate Type—Heavy gravel, surface-treated 
gravels and macadams, water-bound macadam and 
light bituminous macadam of various kinds. 

High Type—Concrete, asphalt and block pavements 


with concrete base; heavy bituminous-macadams and 
the best of block-base types. 





Actual unit costs for these three types are of little 
value in a discussion of this nature because these vary 
between wide limits according to the locality and the 
design. The significance lies in the relative costs of the 
three types, which also vary, but much less widely than 
the actual cost. The public is accustomed to think of price 
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as synonymous with cost, which is entirely erroneous, 
as the two are often only remotely related. The true 
criterion of comparative economy is relative cost, in 
which the term cost is used in the broad economic sense. 

The cost of any type of road is really the aggregate of 
the expenditure required to build that type of surface 
and keep it in a condition of maximum serviceability 
over an indefinite term of years, perpetually if so desired. 
This cost includes original cost and interest thereon, 
maintenance and interest thereon and depreciation, each 
of which factors must include a proper part of the cost 
of operation of the highway system, or overhead. When 
analyzed on this basis, the approximate relative costs of 
the three classes of highway for two traffic-densities are 
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Low Interrnediate High 
Type Type Type 
RELATIVE ROAD COST FOR 
300 VEHICLES PER DAY 
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Low Intermediate High 
Type Type Type 
RELATIVE ROAD COST FOR 
1500 VEHICLES PER DAY 
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Low Intermediate High 

Type Type Type 

RELATIVE COST OF TRANSPORTATION 
300 VEHICLES PER DAY 
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RELATIVE COST OF TRANSPORTATION 
I500 VEHICLES PER DAY 


Fic. 9—RELATIVE Cost oF ROADS AND TRANSPORTATION FOR Two 
TRAFFIC- DENSITIES 


For a Traffic of 300 Vehicles per Day the High-Type Road Costs, 
in the Middle West, about $1,400 More than the Low-Type Road, 
Whereas the Cost of Transportation Is only $800 Less than on the 
Low Type. Therefore, the User and Taxpayer Saves Money by 
Maintaining the Low Type for This Traffic Density. But for a 
Traffic Density of 1500 Vehicles per Day, While the High-Type 
Road Still Costs $1,400 More than the Low-Type, the Cost of 
Operating the 1500 Vehicles Is $12,000 Less than on the Low Type; 
Hence It Pays To Improve It to the High Type 
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shown in Fig. 8. While these costs are admittedly ap- 
proximate only, they show the general relation that exists. 
Exact comparisons that are applicable to a particular 
locality can be computed by using data from local experi- 
ence. It seems that, in general, the lower-type roads 
are actually cheaper than the higher types for any 
traffic density under which the road could be maintained 
in good condition. The justification for road improve- 
ment must therefore be on some basis other than that of 
conserving road funds. 


ROAD IMPROVEMENT PRODUCES WEALTH 


It is believed to be possible to show that, under certain 
conditions, road improvement saves in transportation 
costs, that is, it creates wealth. If any road project pro- 
duces wealth in excess of its cost, the necessary expendi- 
ture, no matter how great, is good business. The 
magnitude of the possible saving to traffic by road im- 
provement is suggested by Fig. 9, which indicates the 
huge sums involved. The wealth produced by road im- 
provement may be direct, in the form of lowered trans- 
portation costs, or indirect as the result of improved 
social and educational conditions brought about by road 
improvement. It is possible to estimate the approximate 
reduction in highway transportation-costs due to road 
improvement as illustrated by the general relations given 
in Fig. 8. 

The indirect influence of road improvement upon the 
production of wealth is not susceptible of exact evalua- 
tion, and no attempt is made to evaluate the social and 
educational benefits because one does not appraise human 
health and happiness in terms of coin. But who will 
question that these direct and intangible benefits of road 
improvement far exceed the sums the Federal Govern- 
ment has appropriated as Federal aid to roads? Or who 
will question that it is eminently fair and the part of 
good statesmanship for the Nation as a whole to meet 
some part of the cost of nation-wide road-improvement 
because of these general benefits? 

It may be stated parenthetically that, if every other 
consideration were disregarded, ample reason exists for 
feeling that Federal aid has justified itself through the 
stimulus it has given the States to improve their prac- 
tices in the construction, financing and administration of 
the highway systems. 

Four classes of highway are recognized by highway 
administrators: (a) purely local roads, (b) main mar- 
ket roads, (c) interstate highways, and (d) urban high- 
ways. These do not constitute separate systems that can 
be dealt with independently unless we are willing to con- 
cede some restriction to highway transportation. They 
are simply divisions of the arteries for the commerce of 
the Nation, and the highways in each division should be 
improved in accordance with the needs of the traffic they 
are supposed to accommodate. Only when this is brought 
about will the United States have an adequate National 
system of highways. 

Possibilities for lowering the cost of highway trans- 
portation are of two kinds. One is by road improvement 
whereby the cost of vehicle operation is reduced to the 
economic minimum, insofar as those costs are influenced 
by the highway. This is the task of the highway engi- 
neer. The other is by improvements in the vehicle where- 
by its life is lengthened and the operating costs are as 
low as possible. That must be accomplished by the auto- 
motive engineer. Hence, the future trend of highway 
transportation depends largely upon these two great 


* Assistant State highway engineer, New Jersey State Highway 
Department, Trenton, N. J. 
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bodies of technical experts. Undoubtedly they will evolve 
roads and vehicles so well harmonized that the cost of 
highway transportation will be at the lowest possible 
rate. The benefits of their handiwork will flow out to 
every corner of the Nation. 


THE DISCUSSION 


EK. E. REED*‘:—Professor Agg stated that the saving 
in cost of operation to the automobile user could justify 
an expenditure of $60 per foot of highway for every 
1000 tons per day. I believe that is correct. I want to 
read something that Major W. G. Sloan, state highway 
engineer of New Jersey, has written in his report to the 
New Jersey State Highway Commission: 


It is obvious that, other things being equal, a saving 
in distance effects a saving in the cost of operation, 
and likewise a saving is effected by reduction in rise 
and fall and the elimination of grade crossings of rail- 
roads and important highways. As an example of 
the savings to be effected by these last-mentioned 
considerations, I will call your attention to the calcu- 
lations made in connection with the extension of State 
Highway Route No. 1 to the vehicular tunnel, where 
it is estimated that the traffic to be carried will be 
approximately 18,000,000 vehicles per year. The cap- 
italized value of the saving of 1 mile in distance under 
these conditions is more than $3,000,000. The capi- 
talized value of the elimination of a drawbridge over 
an important stream is $8,000,000, and the capitalized 
value of the elimination of 20 ft. in rise and fall is 
$1,836,000. 


At Professor Agg’s rate in figuring the vehicles, the 
amount of traffic per year on this road extension would 
justify the spending of $37,000,000. 

Our difficulty is to secure the necessary funds to build 
a comprehensive highway system, so we are not able yet 
to talk of paying $30,000,000 for reducing the length 
of a road 1 mile. The Highway Commission of New 
Jersey is proposing a highway from the Hudson River 
vehicular tunnel westerly to Elizabeth that will have no 


railroad grade-crossing and will not have an intersecting | 
road at grade. You will realize what that will mean in | 
getting to the South and to the New Jersey shore points. 


ROAD WoRK NEW JERSEY IS DOING 


The work that is now being conducted in New Jersey 
on the entrance to the vehicular tunnel is well worth 
investigation. The standard of construction on State 


highway work in New Jersey is this: We have a uniform | 


slab of concrete 8 in. in thickness, minimum width 
of 20 ft. and with two lines of reinforcement. The roads 


are graded 40 ft. wide. The average cost of the concrete | 
runs from $2.70 to $3.00 per sq. yd. Under ordinary | 


conditions the average cost for 1 mile in the open country, 
where we have a pavement 20 ft. in width and graded 
30 ft., is about $65,000. 

The traffic counts we have taken show that the point 
of heaviest congestion is on State Highway Route No. 1 
at Rahway, leading to the shore, where we had 43,735 
vehicles in 24 hr. according to the count taken July 4, 
1926. That was a peak load. The traffic at that point 
increased 64 per cent in 2 years. A 29-ft. pavement is 
carrying that traffic. 

On the White Horse Pike, some sections built 7 years 
ago were 18 and 20 ft. in width and graded 30 ft. That 


road carries a traffic of from 20,000 to 30,000 vehicles | 


some days during the summer. It leads from the Dela- 
ware River Bridge to Atlantic City. We found that this 
width was not sufficient to carry the traffic, and last year 
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that road was widened to 29 ft. by putting an additional 
slab on one side. 

The approach to the vehicular tunnel is designed for 
five lanes of traffic and is 481% ft. in width. Part of it 
is steel and concrete viaduct, and part is double-deck 
highway. It has to pass under some of the main parts 
of Jersey City, and that section, 3600 ft. long, will cost 
$4,500,000. 

At the approaches to the Camden-Philadelphia Bridge 
there is an intersecting roadway or a crescent loop, which 
is 56 ft. in width. It skirts around the outside of Cam- 
den, intersecting all the roads leading into it, and takes 
the traffic to a central road 78 ft. in width that carries 
traffic to the bridge. 

Those are the standards we have adopted on the State 
highway work, but, as Professor Agg intimated, we still 
have a vast mileage of township roads.’ In New Jersey 
the total road-mileage, including city streets, is about 
20,000 miles. The State highway system comprises but 
8 per cent of that mileage; 54 per cent comes under the 
jurisdiction of 233 different township committees, and 
most of that mileage is composed of gravel. The State 
aids to a small extent in the construction of such roads 
and approves gravel roads 20 ft. in width and bituminous- 
macadam penetration as narrow as 9 ft. in width and 
graded 20 ft. The idea in those cases is to get the 
farmers out of the mud. I have traveled over many miles 
of them and the 9 ft. is wide enough in some rural sec- 
tions, because you can go some distance without meeting 
any traffic coming in the opposite direction. 


THE ECONOMIC STAGE OF THE PROBLEM 


E. P. GoopRICH®:—Every problem goes through about 
four stages of development and study. The first stage 
is the one of lack of interest; we assume that things are 
going on about as they should. Then comes the stage 
when there is a recognition of the problem itself, but 
we usually study it in generalities. We make tentative 
comparisons and build on the basis of broad conclusions. 
The third stage is one in which we begin to analyze 
the several factors which enter into the problem. The 
fourth stage is the one in which each of the factors is 
analyzed to a conclusion, when we prescribe the remedy 
that will meet the particular phase of the disease which 
has to be worked out and eliminated. 

This is an economic problem, fundamentally. Pro- 
fessor Agg showed in Fig. 9 the combination of the road 
plus the users’ cost. It is that which the community and 
any large area or group of communities must study. It 
is that which Major Sloan is working on in New Jersey. 

Of the various factors, there are two general divisions: 
those which pertain to the machine and those which re- 
late to the road itself. In the machine, you men who 
are designing are looking for cheap first cost, because it 
is reflected in interest on the investment, in maintenance 
costs, and finally in depreciation. Then you are studying 
questions of gasoline and oil consumption. These are 
based fundamentally upon the friction factor which Pro- 
fessor Agg described, upon curvature to a certain extent 
and upon grade. It is those three factors in which the 
road engineer meets the automotive engineer. Tire and 
engine wear go into this same category in general. 

Another item of cost involves speed, acceleration, 
braking, running time, and the time value of the machine 
as it is on its trip, the time value of the commodity 
handled or of the person or passenger who is riding 
it. This brings in the question of distance and of con- 
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gestion. The traffic engineer enters the picture there 
and he studies questions of reduction of distance; in- 
crease in radius of curves; the elimination of those 
things, like grade crossings, which create congestion; 
and the method of operating so as to speed-up travel and 
reduce the stoppages from various causes. 

The road costs and the first cost are large. Those 
types of road which have heavy maintenance costs and 
cheap first cost in all probability usually exceed annually 
the total of the interest on first cost together with the 
maintenance costs of the better classes. 

There is a question of safety which is becoming more 
and more important and which is involved in the question 
of speed and of grade-crossing elimination. Automotive 
engineers can work with the road engineer by reducing 
the various factors of weight which produce friction and 
by reducing the costs of operation. The road man must 
react to produce a kind of surface which will give effec- 
tive tractive and braking effort, with minimum wear on 
the pavement. 


How MoTor-VEHICLE DESIGNERS MIGHT HELP 


Motor-vehicle designers have various opportunities for 
working to improve the situation from the point of view 
of the road engineer. If you could distribute the drive 
over all four wheels instead of placing it on two, you 
would get, with the same tractive effort, we will say, 
approximately one-half of the shearing resistance on the 
particles of the surface of the pavement, and you prob- 
ably would reduce the costs of maintenance of the pave- 
ments at least one-half, because what produces the 
disintegration is that you have exceeded the elastic-limit 
or the total stress which will hold the particles of the 
pavement together. If you can get this distribution in 
drive, as you already have done in braking effects, you 
will benefit the whole situation. 

If you can lighten the load by changing the whole 
drive system, using an airplane engine and propeller in- 
stead of the push of the rear wheels, you actually will be 
able to release some of the weight by taking it up into 
the air or lifting the load off the pavement. Therefore, 
it may be suggested that you change your scheme of 
things and branch out into a new field. 

As to the element of safety, if you can operate all of 
your cars on any given stretch of road at the precise 
speed which is assigned for that road there will be no 
likelihood of one car overtaking another or stopping too 
suddenly for any reason, and accidents will be reduced. 
Therefore, install in your machines some governing de- 
vice which will maintain a uniform speed when set at a 
specific rate, whether it be uphill or downhill or on a 
level. If you can operate uniformly, you will very large- 
ly cut out a certain class of accidents which now happen. 


These are just suggestions from the point of view of the 
road engineer. 


GooD ROADS SHOULD PRECEDE AUTOMOBILES 


L. N. WHITCRAFT’:—Edward N. Hines, the father of 
Wayne County’s concrete roads in Michigan, takes sharp 
issue with his good friend Henry Ford as to how to 
secure roads. Mr. Ford is said to have told a delegation 
of visitors at his Fordson plant that the formula for 
giving roads to the Country is to give the Country 
automobiles first. Mr. Hines does not agree with Mr. 
Ford’s formula. Mr. Hines is known the Country over 
and also abroad as an authority on concrete highways. 
He built the first modern concrete highway in the world 
in Wayne County. His formula for securing roads is 
that roads come first. He says that automobiles are 
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found massed only where there are hard-surfaced road- 
ways, and that they are few and far between where there 
are no improved roadways. He says, further, that the 
automotive industry would not be any larger than the 
pharmaceutical industry or of no greater import in the 
Detroit area than a dozen or so other industries if it 
were not for good roads. I am sure that all of you will 
agree with Mr. Hines. He also says the road must come 
first if there is to be maintenance of market in the 
automotive industry, and, if this industry is to write 
its own assurance of future growth, its leaders must take 
a far greater interest in every phase of improved-roadway 
extension and educational movements. 

It looks to me as though everyone is either interested 
in automobile production or automobile use. No indi- 
vidual, group or industry is independent of its influence 
and benefits. Likewise, no one is independent of the 
influence and benefits of highways any more than he is 
independent of the influence and benefits of modern edu- 
cation. All go hand in hand and one is just as essential 
to our Nation’s progress and development as the other. 
We continue to need more automobiles, more highways 
and more educational agencies. We need not only more 
highways but wider highways, safer highways and the 
expenditure of our highway funds for permanent con- 
struction. A great advance has been made in both the 
mileage and character of concrete-highway construction. 
To date, there are in excess of 45,000 miles of concrete 
highways throughout the Country. The highway engi- 
neers of the Country are building heavier and better 
highways than ever before. It is now generally acknowl- 
edged that it was a mistake to have built our earlier 
roads too narrow and too light. Recent surveys show 
rather conclusively that heavier roads are standing up 
well and meeting traffic requirements. 


BEST TYPE OF HEAVY-TRAFFIC ROAD 


CHAIRMAN A. D. T. LiBBy’:—What do you believe is 
the best road it is possible to construct, Professor Agg? 
Suppose you were to be an engineer for the road between 
New York City and New Haven, which is heavy with 
traffic of all kinds, what kind of a road would you put in 
there? 

PROFESSOR AGG:—I would put in a concrete road 12 in. 
thick, with about 40 lb. of steel per square, laid in lanes 
about 10 ft. wide, articulated so that I could add as many 
lanes as I cared to; and I would put expansion joints 
every 35 ft., with some kind of expansion-joint filler that 
would really take care of temperature variation. 

JOSEPH A. ANGLADA:—What kind of foundation would 
you put under that road? 

PROFESSOR AGG:—I should not care what was under it; 
I would use the best natural condition I could get and 
take care of the drainage. I long ago came to the con- 
clusion that this question of good foundation for pave- 
ments is ridiculous; that no possible construction system 
can be devised that will keep water from seeping through 
the cracks in the pavement and softening the foundation 
to such an extent that you must depend for stability 
upon the inherent strength of the slab itself. 

Mr. GOoDRICH :—In England last year I saw two sam- 
ples of rubber pavement. They were built with slices 
of discarded automobile-tires placed in the joints between 
wooden blocks, with about %4 in., perhaps, projecting up 
between the joints. This construction made a pavement 
which, so far as the experiment had lasted, was wearing 
less, was more quiet and gave better tractive effort than 
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the wooden pavements which were common in the rest of 
the section. 

CHAIRMAN LIBBY:—Was that kind of road good, in 
your opinion? 

Mr. GOODRICH :—I think it is along a new line which 
may work out. It is in the experimental stage at present, 

CHAIRMAN LIBBY:—What is its cost? 

Mr. GOODRICH :—The cost, by using discarded tires and 
the saving in the wooden blocks, was just about the 
same as that of a wooden pavement, and it had many 
more advantages. 

CHAIRMAN LIBBY :—If the wooden blocks are no better 
than those on High Street in Newark, it is a waste of 
time putting them down. 


MIGHT IMPROVE USE OF VEHICLES 


R. E. PLIMPTON*:—I want to compliment Professor 
Agg not only on the thorough way in which he has sum- 
marized a complicated subject, but also for his frank and 
courageous discussion of certain “sore spots.” Certainly 
these need attention, and plenty of it, if adequate reme- 
dies are to be provided. Those of us who are not in close 
touch with highway-development work may not know just 
how far-reaching these difficulties are. I should like to 
ask him to throw more light on the “cloudy spots” 
and tell us why they are, who is to blame and what the 
members of the Society can do, if anything, to improve 
the situation. He made an interesting reference to the 
outstanding deficiencies of present-day construction. I 
wonder if the State highway departments are entirely to 
blame for failure to look ahead and construct the concrete 
roads now being built with a sufficient factor of safety to 
take care of later increases in load. Is it possible that 
the practice is due to causes entirely beyond the control 
of these highway authorities? 

Professor Agg referred to the lethargy of public 
officials toward that which is new or abstruse. Does he 
expect them to set practices in construction, which I 
assume he has in mind, if they are new and presumably 
unproved and untried? It would be interesting to know 
what methods there are which the public officials have 
failed to apply after they have been demonstrated as of 
practical value. 

Lower costs of highway transportation certainly are 
desirable, but I am rather surprised that the author has 
limited the possibilities for accomplishing this decrease 
to two kinds: improving the highway and improving 
the vehicles. Both of these are important, but to many 
members of the Society a third possibility is still more 
important. I refer to the improvement of the use of the 
vehicle. 

Users’ HIGHWAY-CostT HIDDEN 


Many members who are in charge of operation or 
maintenance activities, in connection with large installa- 
tions of motor-vehicles, are helping to improve the con- 
struction of their equipment and are continuously 
endeavoring to cut down operating costs by the applica- 
tion of approved methods and devices, and by getting 
together at such meetings as these for the discussion of 
their common problems. The interest of the Metropolitan 
Section in this subject has been sufficiently broad-gaged 
to lead to the suggestion that a National committee 
should be formed. The Committee on Operation and 
Maintenance was duly authorized by the Council of the 
Society and for the current year includes 24 members 
from a dozen different States. There are members on 
it in California, Colorado and Illinois, as well as a large 
number in the States in the Eastern part of the Country. 
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I take this opportunity to ask the cooperation of all the 
members in the activities of this Committee. 

What does Professor Agg think about the possibility 
of the large operators establishing what is, in effect, a 
maintenance-of-way account, to correspond with the ac- 
count carried under that heading by rail transportation- 
systems? Under the Interstate Commerce Commission 
practice the account is usually headed, ‘‘Maintenance 
of Way and Structures,”’ and includes expense for sta- 
tions and other buildings, as well as that involved in 
keeping up the track, bridges, culverts, and grading along 
the right of way. 

Motor-vehicle operators are either taxed for the use 
of the highway or they are getting that use free. No 
one will admit that they are getting the use free, which 
means that the expense is being charged up under some 
other heading. It may be buried under a gasoline tax or 
licenses or some other form of taxation. 

Professor Agg has been studying the economics of 
highway transportation for many years. He has figured 
out the total cost of operating motor-vehicles, including 
the charge for highway upkeep and construction, on 
different types of road surface. I am sure his opinion 
would be valuable as to just what the large operator 
should do, in fairness to himself and to the community, 
in studying the matter of highway costs that he is ac- 
tually paying. 


IMPORTANCE OF BANKING NEGLECTED 


L. F. SouTHWICK’:—As highway construction is, in 
these days, a science in itself, and much time and energy 
have undoubtedly been spent in research work to improve 
the wearing qualities of pavements, smoothness of sur- 
face, non-skid surfaces, and what not, it seems strange 
that one feature which would at once improve motoring 
safety and comfort and save time has apparently been 
consistently overlooked. That is the superelevation of 
the outside of a curve, commonly called banking. 

As the highways are improved, every possible means 
is taken to eliminate curves. It does not seem likely 
that it ever will be possible to eliminate them all, how- 
ever. A properly banked curve will keep the vehicle on 
its own side of the road automatically, a result achieved 
only indifferently by the present method of painting a 
white line along the center of the road; it will avoid 
accidents caused by unfamiliarity with the road when 
the car is traveling at too rapid a rate; it will save the 
motorist’s tires and brakes; and it will enable him to 
negotiate the turn safely without materially reducing 
speed. 

It will be denied by none that average traveling speeds 
are increasing. This fact is appreciated by the State 
legislatures, because Connecticut, for example, set May 
1, 1927, as the date on which a modification of the speed 
law would become effective to provide that the speed at 
which a man is driving will no longer be, as heretofore, 
prima-facie evidence of reckless driving. This attitude 
on the part of the legislature is undoubtedly in recog- 
nition of the trend on the part of drivers and also comes 
from a realization that, under present highway condi- 
tions, much higher speeds can safely be maintained. 

The formula for banking is: 

Tan 8 = 0.0668 v?/r 
where 
8 = the angle of banking 
r = the radius of the curve theoretically measured 
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from the center of curvature to the center 
of gravity of the vehicle 
~ = velocity of vehicle in miles per hour 


This formula gives surprising results when the slight 
banking already given some curves is recalled. For 
example, suppose a vehicle is traveling around a curve 
of 500-ft. radius at a not unusual speed of 40 m.p.h. The 
banking angle, so that he will have no transverse reaction, 
will be about 12 deg. The natural tangent works out to 
0.21376, or about a 2-ft. rise per 10-ft. horizontal width, 
for this speed and radius. 

This formula, of course, cannot be applied indiscrimi- 
nately, for the following reasons: 


(1) The banking can never be so great as to endanger 
the equilibrium of heavily-loaded trucks, or 
trucks loaded so that the center of gravity is 
high. It should not be difficult to determine the 
limiting angle in such cases 

(2) The foregoing applies only to level-road banking. 
Curves on hills will be discussed later 

(3) Forty miles per hour is not necessarily an average 
speed, although it is coming to be such 

The problem, then, consists of answering the ques- 

tions: 

(1) What speed shall be used in applying the for- 
mula? 

(2) What is the limiting angle for safety for any 
vehicle at rest? 

(3) Is it practicable or possible for contractors to 
construct curves banked much more than at 
present? 


For the answer to question (1) we should look, not at 
today’s speeds, but at those likely 5 or 10 years hence. 
The radius of curvature is an important consideration. 
Again, considering the radius, it seems that a speed 
higher than the average at present would be preferable 
from the banking standpoint. 

It is only for comparatively short radii that the other 
important question, namely, the safe angle for all ve- 
hicles, would have to be considered. Assume a radius 
of only 100 ft. The angle in this case, for a speed of 
40 m.p.h., would be nearly 47 deg. Obviously, such 
banking would be impracticable; but, on the other hand, 
such short radii are very unusual on the main highways. 

Nevertheless, where the radius is sufficiently great that 
a speed of 40 m.p.h. would not lead to a dangerous angle, 
it seems preferable to construct the bank for this, or a 
higher, figure rather than for a lower one. We all are 
forced to lean toward the outside of a curve which is not 
banked or is banked only slightly. Why should we, so 
long as we do not topple over, mind being forced to lean 
toward the inside if we do not care to travel at 40 
m.p.h.? Nothing is lost in either case, and much is to 
be gained for those who do prefer to travel at this, or a 
higher, speed. 

BANKING CURVES ON HILLS 


Banking on hills is another important aspect of the 
question. Obviously, there are several more considera- 
tions involved here than for level-road banking. Whether 
the curve is at the bottom or the top of the hill, the 
severity of the grade, the extent of the curve, are all 
matters that have weight. They are to be considered 
because they have a bearing on the speed at which an 
ascending or a descending vehicle will travel. 

To meet these conditions best, double banking is pro- 
posed. ‘The banking at the top of a fairly steep grade 
for the up-coming vehicles would be very slight, while 
that for the down-coming vehicles could be figured as 
above. For the reverse condition, the curve at the 
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bottom, the banking for both the ascending and descend- 
ing vehicles would best be as great as practicable, with 
the same limitations as those outlined, although they 
would not necessarily be the same. In these cases it must 
be decided, from all considerations, what the most prac- 
tical. speed to consider will be, and the bank must be 
constructed accordingly. The road cross-section would 
then show two surfaces, at an angle greater or less than 
180 deg. according to the position of the curve and its 
direction of curvature with relation to the grade. 

It should be an extremely simple matter to construct 
from the formula a set of tables for the use of surveyors 
and contractors. In some cases a formula giving the sine 
of the angle, instead of its tangent, might be more use- 
ful. This would be used where the angle was large, and 
would obviate the necessity for figuring the horizontal 
projection of the road width. In other words, the 
tangent formula gives the superelevation per unit width 
of horizontal, while a sine formula would give the super- 
elevation per unit width of road surface at the required 
angle. The sine formula works out to be: 
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Sin 8 = 0.0668 v?/ (7? + 0.0045 v*)*” 
and tables could be constructed from this almost as 
readily as from the tangent formula. 

So far as the difficulty of constructing banks goes, it 
is doubtful if banking angles would ever be great enough 
to merit serious consideration on this score. Probably 
any degree of banking that would not prove dangerous 
to a standing vehicle would be easy to attain, if not with 
concrete, with a hot-mix to build it up to the required 
angle. 

That suggests the last point, namely, that scientific 
banking is comparatively easy to incorporate in our pres- 
ent roads. In many cases a fill would do the trick, the 
fill to be either hot-mix or concrete. In some cases, 
particularly on hills, cutting would also be necessary, 
and in this case it would be better to wait until the road 
is to be reconstructed. In any event, it is true that 
today scientific banking is not practised when curves 
are laid out, and equally true that no one thing would 
tend toward greater safety, comfort and expedition of 
the motorist of today and of the future. 








JOHN RICHARD HALL 





FTER an illness of 7 weeks’ duration, John Richard Hall 
4 passed away on June 11 at his home in Cleveland. His 
death caused not only grief to his wife, son and married 
daughter, but deep regret on the part of his associates in 
the Chandier-Cleveland Motors Corporation, of which he 
was vice-president in charge of production, and to his many 
friends in the automotive industry, with which he had been 
identified since its inception. 

Born in Dublin, Ireland, in November, 1866, Mr. Hall 
came to this Country when 14% years of age. He gained 
technical experience in the general machinists’ trade, made 
a specialty of screw-machine work for several years, and 
was foreman of such work for the Metric Metal Co. at 
Beaver Falls, Pa. He was connected with the Lozier Mfg. 
Co. and Lozier Motor Co. for 21 years, during the first 
13 of which he was foreman, and for 8 years thereafter, 


manager of the service department. In 1913 Mr. Hall joined 
the Chandler Motor Car Co. in Cleveland as factory super- 
intendent. During his service with the Lozier Company 
he was sent abroad in a mechanical capacity and spent 1 
year in England and 8 years in Germany, with headquarters 
at Hamburg. His conscientious institution of systematic 
shop-practices for the Chandler Company was rewarded by 
his election to the vice-presidency, and when the Cleveland 
Automobile Co. was consolidated with the Chandler Motor 
Car Co. he continued as vice-president in charge of pro- 
duction. 

Mr. Hall was elected to the grade of Member 
Society in March, 1916, and was also a member of the 
American Society of Steel Treaters. He contributed through- 


out his productive life to the advancement of the automo- 
tive industry. 


of the 


ARMY MOTOR-VEHICLE DEPOTS RETAINED 


JsUNDS appropriated for the maintenance of the Army for 

the fiscal year 1928, which began July 1, made provision 

for the present mechanical and personnel set-up of the four 

major repair-centers of the Army. In making the allotment 

of funds to the big motor-vehicle depots, the War Depart- 

ment approved a continuance of the repair shops that on 
July 1, 1926, had been placed on probation for 1 year. 

A year ago the major motor-vehicle repair-shops of the 
Quartermaster Corps at Camp Holabird, Md.; Camp Nor- 
moyle, Tex.; Fort Mason, Cal.; and Jeffersonville, Ind., were 
scheduled to be abandoned, it being proposed to maintain 
the Army’s motor transportation by letting out the repair 
work to commercial shops. Major-Gen. William Hart, who 
was then Quartermaster General of the Army, believed that 
there was economy in the new plan. In November, 1925, 
Major-Gen. B. F. Cheatham became Quartermaster General 
and through his efforts the closing order was held in abey- 


ance and the shops placed on probation to demonstrate that 
they could be operated economically. 

The year of probation saw practically all civilian me- 
chanics discharged and the work of maintaining the Army’s 
transportation turned over to enlisted mechanics almost ex- 
clusively. Many short-cuts were made and savings in over- 
head and material costs began to appear during the first 
month. A new unit-replacement system was substituted for 
vehicle repairs. It took less than 3 months for the soldier 
mechanics to “catch their stride,” and the production reports 
and cost sheets improved each month. 

The morale of the soldier mechanics was never higher 
than during the last year. It was almost a foregone con- 
clusion long before the year ended that the shops had demon- 
strated beyond question that they were an indispensable 
asset to the military establishment and would be continued 
indefinitely —U. S. Army Speedometer. 





